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SEX-CHROMOSOME MECHANISM OF HYLEMYA FUGAX 


Figure 1 


mplement in larval ganglion of the male. B—The same in larval 
Meiosis in males. C—-Diplotene. )—The X, VY NX; trivalent in 
anaphase I disjunction of the sex-chromosome trivalent, (sec 
hase I]. A--Anaphase II in a cell containing the ). 1 and M 


ell containing NX, and N All photomicrographs and draw 





A MULTIPLE SE 


X\-CHROMOSOME 


MECHANISM 


In a Root Maggot, Hylemya fugax* 


Ew 


Department 


sex-chromosome 

bee n de- 
ed in a variety of in 
cose ctacies However, the 
only case of an XY, Xo: ¥ type previous 
ly seen in Diptera was reported by Dob 
zhansky? in Drosophila miranda Dobzh 
The unusual interpretation of disjunc- 


tion which he advanced was challenged 


ULTIPLS 
mechanisms have now 
seri} 


sects.' 


Darlington® on theoretical grounds 
by Dob 
Macknight™, a 


finally es- 


by 
investigations 


> 


1 


following 
zhansky’*, Koller™ 
thorough analysis by Cooper 
tablished the true nature of pairing and 
disjunction in the Y, Y Xe trivalent. In 
the present case, which also involves an 
Any 


are distinct in size and morphology. Ac 


al 


Y. trivalent, all three chromosomes 


cordingly each of the sex chromosomes 
many stages of 


mitosis and meiosis and their behavior 


can be recognized at 
in disjunction clearly establishes how 
the mechanism operates. 


Materials and Methods 


Flies of the species Hylemya fugax 
(Meig.) (Diptera; Family Anthomyii- 
dae) are of considerable economic im- 
portance Europe. The specimens 
studied were obtained third instar 
larvae by Mr. George Wishart of the 
Dominion Parasite Laboratory at Belle- 
ville, Ontario, from Wye in England. 
Somatic chromosome complements were 


in 


as 


observed in the ganglia of these larvae 
and to some extent in oogonial divisions 
in pupae. In late pupal stages the sexes 
can be distinguished with ease since the 
W 


Ww 


rendered Mr. George 

fine co-operation and help 
officers of the Dominion Parasite Laboratory 
Canada Dept Agriculture, this 
Dr. H. M. Slatis tor dissecting the pupae 


financial assistance 


eT! . 1 
The service ” 


indicative of the 


m 


‘ishart, to whom 


os 
Ti 


and other studies 
and to the 


S0YES 


of Genetics, McGill University 


males have holoptic eves and there are 
distinct sex differences in the genitalia 
\ceto-carmine stain used in all 
cases in conjunction with Wilson’s Ve 
netian Turpentine*™ in 
Wilson’s procedure, which will 
scribed in detail elsewhere. 


Was 
a modification of 


he de 


Somatic Chromosome Complements 
rhe 
found 
to the 


somatic complements 
in the ganglia of third instar larvae led 
conclusion that a multiple sex-chromo 
some mechanism operates in this species 
Seven larvae had 13 chromosomes in their 
somatic complements (Figure 14) each con- 
sisting five pairs of metacentrics, a long 
acrocentric (X,), a small dot-shaped acro 
centric (X,), and an intermediate-sized acro 
centric chromosome ()°) which distinct! 
heterochromatic at metaphase. Fourteen lar- 
vae had 14 chromosomes in their somatic com 
plements (Figure 1) each consisting of 
pairs of metacentrics, a pair of long acrocen 
trics (X,), and a pair of small dot-shaped 
acrocentrics (X,) No exceptional comple 
ment was found in any ce f any individual 
It seemed logical to conclude that males of 
this species possess hve pairs ot 

Ni+Ni+VY whereas females possess the 
five pairs of autosomes +X,VY,4+X.XNe. This 
was later confirmed by studies of the somatic 
complements in oogonial (and in 
meiotic divisions as reported later) pupae 
where the sexes are quite distinct morphologi 


inspection of the 


ot 


V 


five 


hh ft 


autosome 


divisions 
in 


cally as mentioned above 
Several of the metacentric 
guishable from other pairs on th 
tion of secondary constrictions (the writer ap 
plies the term secondary constriction to achro 
matic bands extending the chromo 
somes, usually at points of decreased diameter ) 
and size. Probably pairs could he 
tinguished by careful study. These differences 
discussed in another report, but it is 
that 
entire 
thanks 


1 regularly 
SCIENCE 


are distin 


vasis Of loca 


pairs 
e |} 


across 
all dis 
will be 


pertinent to mention here 
metacentric autosome the 


in the smallest 
short arm is 


are due, is 
from the 
Service 


my sincere 
h the writer has rece 
of the Division of Entomoloey 
Thanks are due to 
McGill University 


} 


vec 


colleague 
Fund for 


my 


1 
als 


Research 


195 











The Journal of Heredity 


» 


. 


SEX-CHROMOSOME TRIVALENT OF 
HYLEMYA FUGAX 


Figure 2 





I organization of the 


i metaphase ) 
hown 


rivalent The } chromosome 1s 4 
is plain stippling and \X» cir 

: is drawn to scale 

except for the 

which was only 

ns promtnent sec 

indicate positions 


disjunction 


st t ‘= hort distance 


terminal kinetochore, and in 


col 


er secondary constriction can 
sub-medial location The X 
medial 


! mm ses at meta 


have also a secondary 

discernible 
This appearance metaphia se 
precocious paration ot 
hromatids sub-medial 
ht 


sometimes observable at ana 


vably due to the 
However, 


and these seem t 
mstrictions. Neither 
heterochromat! 


VY chromos 


hromosomes 


noticeably 
ntrast to the 


heterochromatic at 
s1 Y° chromosome 
al ‘ constrict 


wer 1 
and from 


! and B that t! 


examinat gures | 


nd Ny 


accurate ai \ » re 


medi 
observed trot h above 
of I 


somes can he 
lative tart 


pecies 


In somatic prophase in m no tendency 
was found for the X XY, and to be 
ated In the females, however, one (or both) 
of the X,y chromosomes lies fairly close to the 
kinetochore end of the X, pair in a majority 
of the cells examined, though in 
the XY, and X, are widely separated. The same 
situation was found in certain cells at meta 

Figure 1B) number of 
which this specificall 


associ- 


some Cascs 


phase (see Since the 
cells in point was 
checked at metaphase was not great (22) this 
tendency may be more apparent than real 
Possibly the X, and Xy chromosomes occupy 
locations in the 
chromosomes tend to be cen 
whereas 


proximal metabolic nucleus 
wr the small Y, 
trally located on the metaphase plate 
the long arms of the XV, chromosomes are dis 
placed toward the periphery of the cell 

them pointing toward the center. On t 

one is left with the impression that X 

tend to be together more 


than expected or 


chromosomes 


quentiv 1 a chance basis 


Meiosis in Spermatogenesis 

The sexes were equal in number (12 
in the study of meiosis 
After males had 


changed 


pupae used for 
two weeks pupation 


developed testes which 


about 
well 
from white to bright orange as meiosis y 
Abundant metotic divisions were found 


y 
ressed 
pupac dissected 


were found 


} > 
the testes of the 12 male 


However only oogonial divisions 1 
in the varies female pupac dissected at the 
same time 
losis were 
were indis 
inter 


omes were 
( Figure 


together 


} 
in relation to ea 
hick 
establish 


ispicuous sub-medial 


« > 
vent secondary  cé 
Figure 2. The 
constric 


prominent 


nstriction 


onstrictions af 
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in distinguishing the parts of 
when they are 


ticularly usetul 
these cl 


gether 


ymmosomes close to 

Many cells were seen at the diakinesis stage 
The observations recorded in Table I 
that the X y have conjoined in nearly all 
cases but the Xz is more than its own length 
away trom the kinetochore region of both the 
X, and J} in over a third of these cases. The 
NX. appears to approach the kinetochore region 

} hort segment of the } directly and ac 
constant position mn 
segment of the A 


show 
and 


has no relation 


ne pr yximal 
long distal segments of th 
directions, the Xo lie 
(kinetochore 
when these long 


varallel the Y, 


hen the 
Opposite 

region) 

more 


] j 
not he ad 


segments are 


otten doe S 


ikinesis 
netoct They still appear 


held together at a t points at interval 


some Cases repulsion 


gth < t diplotene Figure 
| all of their rela 


t pots 


en (see 


somes were 
1 1 


} 
t 1OOK 


nasmata 
arms 
h 


iI 
LIKE ( 
} 


heterochromatic 
ontinue to repel eac 
1" diplotene (1 


ht center), and continue to do so hes 


naphase It is 
that, though the « ance between kineto 
| autosomal bivalents seems to increas« 


from diakinesis n, far mm good 


noteworthy 
hores 


1 
separate at aiso 


metaphase plate has been en 


Figure hoy small 


metacentric 
have the heteroc! 
short arms) at he X; ¥ X 
in which the other pairs had just 
separate ; kinetochores. The 


pair 
of chromosomes 
mat complex 
in a cell 
started to 
writer and two of his colleagues independently 
saw what they interpreted as two fine strands 
ing the N« with the proximal short seg 

The appearance 
age 


hetween the 


t @ the 
ment of the }) chromosome 
f onnections 


sup yorts this opserva 


TABLE I. 


Conjunction of X,, Y and X 


tion. However this needs further 


hirmation 


stages 


pomt con 
shown in Figure 
to / inclusive. (Figures 1/, G and H might 
interpreted as “premetaphase stretch” 
stages, but the writer prefers to interpret them 
as true early anaphases.) In Figure IF the 
Y, has disjoined from the proximal segment 
f the V, whereas the XY; and ¥Y are held 
together at point Figure 1 
isjunction particularly 


in anaphase I are 


closely 
shows the 
clearly The 


manner 
interzonal connections betweer 
the proximal portion of the } and t 

still clear; the connection between 

and the 
the latter 
remnants of the com 
and } can still be detecte 


ons could be 


segment of the } is also quite 
parent. In Figure 1// 
has broken but 
between the A 

sign of interzonal connect 
tl 


cel 


e complex drawn a 
Ils studied at 


Figure 1/ 
} \ 


moved to t 


from the } 


firmed in suc! 


f disjunction is clear 
late anap! ase I stages as 
l/. At one ] 


\ 
) 


shown in gure 


12 
somes, including the 


as seven chromosor 


the X » are pre sent 
heterochromatt 
parent in t] 
Cytokinesis 
and apparently 
o division II 
ontaining the 
ntaming 
dividing 
are not difficult t 
taining the X, at 
Six cl 


Iomosomes were 


eacn 
Similarly 


pole in mé 
sever 

counted going to 

taining the Y, and 

II were found but th omes were 

ounted 

In the writer's opini »bservations 

establish with resonable 

iromosome mec] 


functions in // 


tiple sex-cl 


Vo:¥ 


type 


Discussion 
this sex 
Very little cyto 
ie An- 


Stevens” showed a comple- 


‘he origin of hromosome 
mechanism 1s obscure 
logical work 


thomyvtidae 


1 1 
has been done on t 


in Prophase 
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The Journal 


ment of six pairs of chromosomes, 1n- 
pair from 
brassica, 


heteromorphic 

spermatocytes of Phorbta 
Metz® figured somatic (12) and meiotic 
(6 pairs) chromosomes of Homalomya 
Fucellia marina Macq. and Ophyra 
leucostoma Wied. A small heteromor- 
phic pair can be clearly identified in the 
drawings of chromosomes from males of 
Fucellia marina, but no heteromorphic 
pairs were shown in males of the other 
two species. Frolowa* showed a small 
pair of chromosomes, which she con- 
sidered to be the sex chromosomes of 
the female in somatic complements of 
Pegomyia geniculata Bouche. Apparent- 
ly these species all have 12-chromosome 
complements, including, in two species, 
a heteromorphic sex pair, whereas two 
other species have the Y and ¥ similar 
or nearly equal in size. The writer (un- 
published) has seen the somatic comple- 
ments of eight species of Flylemya (not 
including H. fuga) and meiosis in one 
of them. Each of the eight has 12 so 
matic chromosomes including a small 
acrocentric pair (presumably sex chro- 
mosomes ) with members of nearly equal, 
or equal size in both males and females 
One may postulate that the multiple sex- 
chromosome mechanism of H. fugax has 
been derived from an XY system by 
translocations between the VY and an 
autosomal pair plus the loss of one chro 
mosome. This may be so, but the result 
should be a tvpe with 11 chromosomes 
in the male and 12 in the female instead 
of 13 in the male and 14 in the female 
as found in 77. fugax. Perhaps the in- 
crease in number arose through non- 
disjunction involving an autosomal pair 
of chromosomes (two autosomal pairs 
of H. fugax do look similar in size and 
morphology) but such ideas are pure 
conjecture. Tt seems more likely that a 
related species will eventually be found 
14-chromosome complement. to 
which the fugar complement is related 
and from which it might be derived. 


cluding one 


Sp., 


with a 


Cooper'?* has not accepted Darling- 
ton’s® conclusion from studies on Dro 
sophila pseudoobscura that “reciprocal 


chiasmata are formed between X and Y 


of I leredity 


following normal pachytene pairing of 
the homologous segments and that these 
chiasmata are either in the short arm or 
in the long arm of the Y or——where 
metaphase pairing fails—in neither.” 
The demonstration of genetic crossing 
over between X and }' chromosomes in 
Drosophila melanogaster by Philip and 
further genetic evidence from Mather"! 
have supported Darlington. However, 
Cooper? has observed in Olfersia that 
“The sex chromosomes, which may be 
a nuclear diameter apart at diplotene, 
come together and ankylose in a short 
interstitial region before the close of 
diakinesis. Although the resulting  bi- 
valent behaves and appears thereafter 
identical in structure with the sex chro- 
mosome bivalent of the male Drosophila 
pseudoobscura, clearly it cannot be pro- 
vided with chiasmata unless, as is very 
improbable, condensed chromosomes can 
undergo crossing over.” In the same 
report he also presented a comprehen- 
sive criticism of Darlington’s viewpoint 
including the supporting evidence men- 
tioned above. Further, from an inten- 
sive analysis of the mechanism of non- 
random segregation in the V, Ne» sex 
trivalent of Drosophila miranda he con- 
cluded that “VY, and Ny» conjoin with VY 
by similar mechanisms not involving 
crossing over, hence independent of 
chiasmata.”” It is not desirable to con- 
sider the details of this major difference 
of interpretation here. However, the 
following pertinent observations on the 
sex trivalent in //ylemya,fugax merit 
mention in this connection; (1) the time 
of conjunction of the X;, Y and particu- 
larly the Vs is considerably later than for 
autosomal pairs, (2) in many cases the 
sex chromosomes have condensed con- 
siderably before conjunction and (3) 
the manner of conjunction of X, with 
the VY appears to be the same as that for 
the Ys and the V’. In the writer’s opin 
ion these observations support the con- 
clusions reached by Cooper as quoted 
above 

MacKnight!4 suggested in relation to 
meiotic pairing of the XN, and }’ in Drosophila 


miranda that a heterochromatic region may be 
In Hylemya fugax the heterochro 


has 


involved 
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matic arms of an autosomal bivalent repel 
each other at the same time that conjunction 
takes place in the X, Y Xz trivalent. Of 
heterochromatic arms may con 
kind of heterochromatin or 


course, the 
tain a different 


have attained a different stage of condensation 
and accordingly considerations of MacKnight’s 
suggestion are still inconclusive. 

} 


The configurations seen to date suggest cer- 
tain conclusions in relation to the partial ho 
mology of parts of the X,, Xz and Y. It ap- 
pears that at least a part of the longer seg- 
ment of the } has some attraction for a part 
ot the longer section of the X, (see Figure 2). 
Also, the short segment of the Y apparently 
has some attraction for the Xy since it is as- 
sociated with it in prophase and disjoins from 
it in anaphase. Though the proximal part of 
X, is often seen near the Xz, this probably re 
sults from the attraction of the X, for the 
proximal portion of the } which lies near the 
proximal part of X, after conjunction, and 
from its position during disjunction from the 
} at the same time that the X,; disjoins from 
the Y. However, it is possible that there 
exists some attraction between X, and the 
proximal portion of the X,; as suggested above 
in observations on prophase of somatic mitosis. 

Little can be said regarding the location of 
sex-determining factors of H. fugax. It is 
possible that the heterochromatic Y chromo- 
some carries no factors for sex determination 
and functions only as a common base for di- 
rected disjunction of the X, and Xs. Other 
explanations are equally plausible. However, 
one can say that present observations indicate 
that the disjunction system operates efficiently 
in this species. 

The finding of this second case of an X; 
Xs: Y  sex-chromosome mechanism in the 
Diptera raises the question of their time of ori- 
gin in evolutionary sequence. These two cases, 
one in Drosophilidae of the Acalyptratae, and 
the other in the Anthomyiidae (Muscidae of 
Curran) of the Calyptratae, may have a com- 
mon origin since these two series, or sections, 
of the Diptera are fairly close taxonomically. 
However, the case of Drosophila miranda is 
unique in the widely studied Drosophilidae and 
in a total of ten species in the Anthomyiidae 
which the writer (unpublished) has seen to date, 
plus five reported by other workers, no other 
case of this type of multiple sex-chromosome 
complex was found. Most of these species were 
in the genus Hylemya and though European 
taxonomists place fugaxr in the genus Pegoh- 
viemya, these are apparently fairly 
closely related to fugar. Accordingly on the 
basis of presently available information, the 
writer is of the opinion that these two X 
Y¥.:Y sex-chromosome mechanisms have arisen 
independently and recently in evolutionary 


seq uc nee 


Spec ies 
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Summary 


Somatic cells of H fugaa 
possess 13 chromosomes including an X,, 
a Y and an Nz, all three of which are dis 
tinct in size and morphology, whereas fe 
males have 14 chromosomes including two 
XY, and two X¢. 

During meiosis I prophase stages in male 
pupae the conjunction of X, and Y, fol 
lowed by Xs and Y takes place producing 
a trivalent X, Y X, sex-chromosome com- 
plex. 

The Y disjoins from both X, and Xz in 
anaphase of meiosis I so that 
meiosis II regularly contain either the }’, 
or the X; and Xz. 

Accordingly male determining sperms con 
tain a Y chromosome and five autosomes 
whereas female determining sperms con 
tain X,, Xe, and five autosomes 


ylemya males 


cells in 
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RED-EYE AND NORMAL BIRDS 


Figure 3 


ormal dark-eved birds are shown at the left and those with the red-eye condition are 


at the right. Red-eye is recessive to dark-eye. Feather pigmentation 1s reduced and 
is defective in red-eyed individuals 





A RED-EYE 


MUTATION 


In White Plymouth Rocks 


Roperts, W. i 


HE original red-eyed birds used 
in this study were obtained from 
Mr. E. L. Johnson of the Double- 
R Hatcheries, Olney, Illinois. They 
came from a flock of White 
Plymouth Rocks of about 150 females 
and 12 males. The red-eyed chicks were 
found during two successive years, two 
or three in each week’s ‘hatch. The eves 
were darker red than would be expected 
if an albino mutation were involved 

A red-eyed White Plymouth Rock 
male was mated by artificial insemina- 
tion with black Australorp females, The 
I’; generation of 73 birds was barred, 
with the exception of four whites, with 
a few black or partially black feathers. 
Two of these splashed white F; females 
mated with an F, male produced 70 
progeny all of which were dark-eyed. 
Mated to a red-eyed male, 43 progeny 
were produced all of which were dark- 
We are unable to give a plausible 
since all 


closed 


eyed 
explanation of these results, 
other F, females produced both dark 
and red-eved individuals. 

In Table I the results of matings, ex 
cluding the two white F, females, ar 
Symbols used are FP for dark-eve 
and r for red-eye. The results indicate 

difference between dark and 
red-eye is due to a single autosomal 


civen 


that the 


being recessive to dark- 


gene, red eve Ing 
© vae 

In the 
there j isible effect 
there 1s no visible ettect 


heterozygous condition (Kr) 
on intensity of 
pigmentation. In the homozygous state 
(rr) the black is reduced in intensity as 
shown in Figure 3. Red-eye in the rat,! 
and red-eye in Hampshire swine,* are 
also accompanied by reduction in in- 
tensity of hair pigmentation. 


From observation, 
hirds appeared to be 


the red-eyed 
They seemed 


vision of 


subnormal 


*Department of Animal Science, University of Illinois, Urbana; Bureau of 


U.S 


Ann Arbor, respectively 
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to have difficulty in finding feed and water 
containers and stayed in the house much more 
than did dark-eyed birds. Microsections (Fig 
ures 4 and 5) of the mutant eye, when com 
pared to the normally pigmented eye, reveal 
the former to melanin in the usual 
distribution involving both the region of the 
ciliary body and choroidal coat. A marked 
reduction in the quantity of melanin pigmenta 
tion, however, is observed in the mutant eye 
Pigmentation is reduced or nearly absent in 
the choroid and posterior three-fourths of the 
globe. It thus appears that the mutant eye 
is capable of producing melanin pigment, but 
only in a markedly reduced amount—a dilu 
tion factor. It is this quantity of 
pigmentation which gives the mutant eye the 
red appearance. There is no evidence of 
altered anatomy, with the exception of diminu 
tion of pigment, which would account for 
impaired visual acuity. However, albinism in 
man results in decreased visual acuity, a dis- 
like of light, tearing of the and a dis 
tinct photophobia 


p SSESS 


lesse ned 


eyes, 


In general, viability of red-eyed mutants is 
less than that of normal birds. In Table IT are 
given the percentages of mortality through 
four months of age. Both dark and red-eyed 
chicks from a given cross were disjributed at 
random in brooders and and therefore 
subjected, in general, to similar environmental 
conditions. Also, the two matings, Rr & r 
and rr “& rr were hatched at the time 
and reared under similar conditions. The ap 
parent defective have had 
fluence on viability 


pens 


Same 


vision an in 


may 


matings involving the red-eye 


gene. 


TABLE I. Various 
D/S.! 
1.46 


red and dark-eyed birds 


of age. 


Mortality of 
months 


TABLE ITI. 


through four 


Dark eve 
% a 


37.3 
gas 


42.6 


Animal Industry, 
University of Michigan, 
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MICROSECTION OF NORMAL AND RED-EYES 
Figure 4 
!—~-Microsection of a normal fowl eye. The pecten (P) and choroid (C) exhibit normal 
heavy melanin deposition (P pecten and C choroid). B—Microsection of mutant red-eye. 
The pecten and neighboring choroid are almost entirely lacking in melanin pigment 














NORMAL AND REDUCED PIGMENTATION 


Figure 5 


!-—Microsection of a normal fowl eye through ciliary body (CB), iris (1) and lens (1 
rhe heavy pigmentation of the ciliary body and posterior iris surface is evident. B—Micro 
section of mutant red-eye through anterior ocular segment. Melanin pigment is normally 


distributed in iliary body and posterior iris surface, but in reduced quantity 
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Warren’ d a case of albinism in 

hite Wyandattes. In a cr with colored 
irds, the F, generation had dark 
eyes. In a backcross with pink-eye, all pink 
eyed birds had white plumage, This apparently 
is a case Of complete albinism which is reces 

ve. Warren® reported a pink-eye condition 

White Plymouth Rocks due to a recessive 
gene. In with colored birds the re 
combination of the pink-eye with color resulted 
in reduced pigmentation of the plumage. This 
pink-eye” is probably analogous to the “red- 
" which we have studied. The term “red 
eye” has been used because the eyes are not 
as pink as seen in albino forms in other ani 
rats the red-eye mutant is dis- 
tinguishable from the pink-eye mutant, the 
tormer being darker red in color. 

Mueller and Hutt® reported a sex-linked 
imperfect albinism in Barred Plymouth Rocks, 
resulting in greatly reduced pigmentation and 

described as “ghost barred.” Two 
other similar mutations were reported by Hutt 
and Mueller.2 One occurred in Barred Plym 
uth Rocks in Massachusetts and the other in 
White Leghorns in Indiana 


normal 


crosses 


eye 


mals. In 


is been 


—~s 


mutation which we have studied 
and recombines at random with 


barring and white 


lhe 
1s autosoma 
for barring, non 


red-eye 
} 
i 


the genes 


which were present in the cross 


Summary 


The red-eye mutation is recessive to 
eye. The red-eyed birds are viable 
normal birds. They also seemed to have 
lective vision 


less 
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HAPLOID AND TRIPLOID SORGHUM 


ROWNE! reported haploid S. vulgare in 
1943. The metaphase plate was usually 
recognizable and few haploid cells contained 
hivalents. Diploid %ells were observed occa- 
ionally in the pollen mother-cells. Gaines and 
\ase® and Levant observed di- and poly-ploid 
cells in haploid plants, although all chromo 
somes behaved as though they were in haploid 
condition, univalents remaining the rule. 
Chin® observed tetraploid and octoploid S. 
ulgare and reported chiasmata similar in per- 
centage in polyploids to the diploid. 
Che haploid plant of the present report was 
ne member of a twin seedling of S. vulgare 
var. Resistant Wheatland (4G.C, 38288). The 
second member of the twin was weak and dis- 
eased, never reaching maturity or flowering. 
The triploid plant came from an_k; population 
(ms #2 Dwarf Tan Kafir « Redlan F,), being 
bserved to be sterile. Since the male sterile 
character is inherited as a_ recessive, 
the condition was investigated 
All preparations were stained 
in temporary smears of pollen mother 


(mrS,) 
with aceto- 


Carmine 


Results and Discussion 


¢ map " 


al of 77 cells 
id 22 were diploid 


observed 
! had te 


OF the univalents, 


R iA 


eight had eight univalents and one bivalent 
four six univalents and two univalents, and one 
presented seven univalents and one trivalent 
All were observed at metaphase I or diakinesis 
The diploid cells appeared to be abnormal in 
that individual chromatids were more notice 

able than normal and a “stickiness” was 

servable at anaphase I. These diploid ce 
differed from the “syneytes” of Levan? and 
Gaines and Aase® in that the chromosome hx 

resembled diploid, rather than haploid 
conditions, Fusion of the nuclei must have 0¢ 

curred before chromosome pairing com 
plete, as pairing appeared to be the rule rather 
than the exception. The stain of the diploid 
cells was considerably poorer than the haploids 


» 
1 
us 


havior 


Was 


of all stages 


The triploid plant behaved quite similarly to 
the triploids previously reported. From a total 
of 24 cells, eight cells had ten trivalents ; five 
had nine trivalents, one bivalent, and one uni 
valent; six had eight trivalents, two bivalents, 
and two univalents; three had seven trivalents, 
three bivalents, and three univalents: and one 
cell demonstrated each of the configurations 
six trivalents, four bivalents. and four unival 


four trivalents, five bivalents, and 


ents; and 
it univalents 
The haploid and tripl nd cells were esse 
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GENIC CONTROL OF SEMI-STERILITY 
IN MAIZE* 


An Inbred with Pollen Semi-Sterility and Ovule Semi-Sterility 
caused by Different Genes 


Oxiver E, NELSON, JR 


ECREASES in male and female 
fertility caused by the abortion or 
non-production of varying per- 
centages of the potential gametes have 
received attention trom 
The role of 


inducing 


considerable 


1 
geneticists and cytologists. 


structural heterozygosity in 


partial sterility has been elucidated by a 


number of workers. Starting with the 
and McClintock* that 


complete asynapsis in 


report by Beadle 
essa 

case Of neariy 
pnd } : ade 

maize was controlled, by a single reces- 

sive gene, the roles of many other genes 

ing meiotic processes have been 


hown for a number of plant materials 


iden and Pellew® first demonstra 
extra-chromosomal influence on 


vy showing that in flax a 


y 
s 


expresse l 


gene 


4 + lyr ' ly ] 
Haie Sterility itseif Only 
Rhoades! 


of pe y 


a particular cytoplasm 
later found in ; 
len sterility was cytoplasmically inhert- 
| 


tonstitution having no 


maize that a tvpe 


ted with nuclear 
Lastly, efivironmental influences 

high temperatures (Pao and 

) may be decisive in altering the me: 

‘tic process and thus causing some de 
gree of sterility in which 
othe: normal. ( in an investi 
gation of ear hybrids 


plants 


1 
i irk’ 
sterility. in 


are 
wise ; 
sem 7 
and pollen semi-sterility in inbreds found 
that chromosomal aberrations, gene-con 
trolled and 
vironmental influences were all predis 


meiotic abnormalities, en- 
posing factors in different cases 

It should be noted that not all gene- 
controlled ‘forms of sterility 


ated with meiotic abnormalities. Beadle! 


are assoct- 


of a number of male-sterile 
one line 


in a study 
genes in maize found that in 
legeneration was initiated as early as the 

*Puhl 


Lafayette, Indiana 
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while in 
another line after a normal meiosis the 
pollen grains were almost mature be- 
fore degeneration. The times of degen 
eration of the pollen grains or pollen 
mother cells in other male sterile lines 
were between these extremes, 


synizetic stage of meiosis 


In contrast to such genes as asynaply 
which affect the development of both 
and many of 
the genes responsible for degeneration 
or meiotic abnormalities affect only one 


megaspores microspores 


type of gametes. Examples of this uni- 
lateral gametic development are the male 
sterile genes mentioned above where the 
Other examples 
sterile genes of 
Beadle! and the pollen abortion gene of 
Burnham* where the developing micro 
spores alone are affected Such genes 
as the lethal ovule factors reported by 
Singleton and Mangelsdorf™ and Clark® 
cause the al any 

in which they are present but are trans 
mitted through the microspore The 
present concerns ,a line of 
maize displaying both pollen and ear 
semi-sterility with each type of sterility 
| which has 


ears develop normally 
of this are the variabli 


vortion of megaspores 


discussion 


being due to a single factor 
no influence on the development of the 


other type of gamete 


Genetie Data 


In 1945 it was noticed that in several inbred 
lines homozygous for miniature seed (Lowe 
and Nelson’) approximately one-half of the 
plants had semi-sterile ears. Subsequent ob 
servation of the progeny of one of these selfed 
semi-sterile plants showed again that one-half 
of the plants had semi-sterile ears but that all 
of the plants had about 50 percent defective 
pollen. This second observation made it diffi 
cult to interpret the results on the basis of 
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ly competitive with those carrying the normal 
allele. It is likely that this is the 
lethal ovule factor reported by Singleton and 
Mangelsdorf!* since in appropriate back 
su Los/Su log * su Log, it gives no 
evidence of being linked with sugary. They 
had found that the su and lo loci were closely 
linked with two percent recombination. This 

thal ovule factor is not linked to br on chro 
mosome | as shown by F, data. This factor 
will be designated as lethal ovules (loe). 


same 


cTOSS€S, 


In contrast to the ear semi-sterility, the par- 
tial pollen sterility of the mn/mn parents was 
not expressed in the F; progenies of crosses 
with br lines as shown in Table I. The per- 
entages of pollen semi-sterile plants in back- 
and F, progenies (Table III) suggest 
that the semi-sterility is conditioned by a single 
recessive gene although the numbers of par- 
tially male-sterile plants in both Fy and back 
ross progenies are significantly below the ex- 
pected numbers in every case. Further, within 
either the Fy or the backcross progenies, the 
deviations from expectations are rather 
stant. It may be an indication either of differ 
ential fertilization or of incomplete penetrance 
of the gene in question. Differential fertiliza- 
tion seems unlikely since the first line of Table 
III shows the segregation for a backcross 
progeny made with the partly pollen-sterile 
nin/mn parent as the male parent. Here there 
should be no possibility of differential fertiliza- 
tion, and the percentage of plants with more 
than 10 percent empty pollen is similar to that 
in backerosses where the F; plant is used as 
the male parent. The possibility that there 
is a cytoplasmic component of this type of par- 
tial pollen sterility — seen to be ruled 
uut by the data in Table III, since there is 
no difference between reciprocal crosses 

The percentage of empty pollen grains in the 
nin/mn lines is subject to considerable genetic 
modification, as would be expected if due to a 
factor with incomplete penetrance. This can 
be inferred from Table I where it may be seen 
that the mean percentage of empty pollen in 
the progeny of any selfed plant is well corre 
lated with the percentage of empty pollen of 
that _— This is amplified by the data in 
lable IV showing that lines can be effectively 
selec ted for high and low percentages of empty 
pollen. Further, where the F, progeny of a 
igh pollen-sterile plant (mn 1-7 with 40 per 
ent empty pollen) are compared with the F; 
progeny of a low pollen-sterile plant (mn 1-5 
vith 10 percent empty pollen) in Table ITT, 
it can be seen that the percentages of F. plants 
with some pollen abortion are similar 

It has referring to Table I 
that ear semi-sterility appears in certain F; 
progenies unaccompanied by pollen sterility 
In backcross and Fe progenies all four possible 
types of plants are recovered. For example, 
in the 1950 backcross progeny data, there were 
91 pollen and ear normal plants, 40 pollen 

normal plants, 58 pollen 


semi-sterile and ear 


cross 


con- 


been noted in 
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nd ear semi-sterile plants, and 28 pol 
len and ear semi-sterile plants. These data 
show not only that the factors tor each type 
of semi-sterility are not dependent upon each 
other for expression but that there is no 
linkage between the factors 


normal a 


Cytological Data 


Although no investigations have been made 
of the cause of ovule abortion where the lethal 
ovule factor, loz is present, studies of various 
stages of microsporogenesis have revealed that 
precocious desynapsis causes the meiotic ir 
regularity which is responsible for the abortion 
of varying percentages of pollen grains. 

The cells examined in the pachytene stage 
of prophase have shown no irregularity. Ap- 
parently all ten pairs of chromosomes are 
regularly and normally synapsed. However, 
at late diplotene it is apparent in some cells 
that instead of ten bivalents there are various 
combinations of bivalents and univalents. At 
diakinesis, where the chromosomes are. still 
more contracted, this phenomenon of preco- 
cious separation can be noted in more cells and 
with a greater number of chromosome pairs 
(Figure 64). One separated bivalent is found 
most frequently but 2, 3, 4, and 5 are also 
found. “In the existing bivalents, most chias 
mata appear to be terminalized at this stage 
Many of the bivalents present are rod-shaped 

After desynapsis the univalents behave in 
much the same fashion as has been outlined by 
different workers in corn and other plants 
where a precocious separation has taken place 
At metaphase the univalents are frequently 
found close to the equatorial plate although 
it is not unusual for one or more to be well 
removed from the plate (Figure 6B). At ana- 
phase the univalents may act in one of two 
ways. The univalents which lie in the cyto 
plasm may be included in one of the daughter 
nuclei formed after the reduction division. The 
univalents on or near the equatorial plate lag 
behind after the bivalents have separated. They 
then divide equationally to give two chromo 
somes, one of which goes to each pole (Figure 
6C). At the second meiotic division all of the 
chromatic material contained in each nucleus 
is oriented on the plate. The chromosomes 
which separated in a regular manner from 


Backcross and F, progenies of crosses 
lines * 
1950. 


TABLE Ill. 

of partially pol'en-sterile plants from mn/mn 

br br scored for pollen sterility, 1949 and 
Plants % Plants 
with with 

> 10% » 10% 

Empty ty 
Poller 


No. Plants N 


with 











The Journal of Heredity 


MEIOSIS IN DESYNAPTIC: PLANTS 


Figure 6 


{—-Diakinesis with five pairs of univalents. 


C—Anaphase | resulting from precocious 


their homologues at Anaphase I, will undergo 
an equational division, and the daughter chro 
mosomes will move back to the poles. The 
same is true of univalents which have been 
included in one of the daughter nuclei after 
having been in the cytoplasm. But the chro 


mosomes which are the products of desynapsis 


} 


separation ot 
equational divisions in univalents lagging on equatorial plate. D 
lagging of chromosomes which underwent an equational division at 


B—Metaphase | with two pairs of univalents 
four pairs of Note 
illustrating 


chromosomes 
Telophase I] 
Anaphase | 


plus a division at the first meiotic division are 
unable to divide and are left on the plate 
(Figure 61)). They are then distributed at 
random to the quartet nuclei or excluded alto 
gether and form micronulcei in the cytoplasm 

Table V gives the number of bivalents ob 
served per cell for 403 pollen mother cells 
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the partly pollen-sterile plant, 6505-7E1, ex 
amined at diakinesis. For chromosome 6 both 
homologues are attached to the nucleolus, and 
although separations can be noted, it is usually 
not possible to ascertain whether a given pair 
is associated as a rod bivalent as many of the 
other chromosome pairs can be seen to be or 
is completely separated. Therefore, chromo 
some 6 is always counted as a bivalent and the 
data represent the other nine chromosomes 
Thus the average chance of a specific chromo 
some pair being present as univalents is 10.9 
percent. On this basis a rough correction may 
be applied to the data to compensate for the 
mission of chromosome 6 (again in Table 
V). Beadle? has noted that the j 
obtaining a normal ten chromosome 
from a cell with less than ten bivalents are 
(1%4)" where n is equal to the number of un 
associated pairs, In a calculation of this type 
using the corrected data from Table V, we 
find that 52 percent good pollen is expected 
Actually the percentage of good 
pollen was 50 


chances of 


gamete 


observed 


The gene for precocious separation of the 
homologues with which we are dealing bears 
certain resemblances in its effects to asynaptic, 
There are important differences, however 
This gene has no apparent effect on the mei 
otic process in the megaspores. Further, as is 
linked to br on chromosome 1 with 27 percent 
recombination (Beadle?). The Fs data fail to 
show any linkage between br and this gene 

Because of the nature of the effect produced 
by this gene it is proposed that it be designated 
with the gene symbol being d 


as desynaptt 


Discussion 

Because of the generally accepted role 
of chiasmata in maintaining the bivalent 
condition after the pachytene stage of 
meiosis, it would seem that the origin of 
the univalent chromosomes might he (a) 
failure of homologous chromo 
somes to associate properly, (b) in the 
non-formation of chiasmata after synap 
(c) in the unnaturally rapid ter 


1 
in tne 


Sis, or 


minalization of chiasmata after a period 


TABLE IV. 


The effectiveness of selection in partially pol'en-sterile lines 
degrees of pollen abortion. 
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of normal association and chiasma for- 
mation. Pachytene preparations of this 
material show close synapsis between the 
homologues so that a lack of attraction 
between chromosome pairs cannot give 
rise to the observed univalents. 

Beadle? in observations on asynaptt 
plants also noted that synapsis was nor- 
mal but that the homologues frequently 
separated at pachytene without chiasma 
formation. Therefore, no crossing-over 
would occur in univalents. Where cross- 
ing-over was tested, it was found to be 
This was attributed to the fact 
gametes 
with ter 
Recently 


normal. 
that a selected population of 
(i.e. from pollen mother cells 
bivalents) was available 
Rhoades’ tested crossing-over between 
sh and wx in the diploid gametes of 
plants homozygous for asynaptic (by 
using the progeny of triploid individ- 
uals). Although such gametes would be 
produced in completely asynaptic plants 
and no crossing-over would be expected, 
Rhoades found that in a considerabl 
number of the chromosomes tested there 
were cross-overs between the two loci 
\pparently even in the asynaptic pairs 
there had been chiasmata formed but 
they had been resolved so rapidly that 
they played no part in keeping the homo 
logues together after pachytene 


TABLE V._ Distribution at diakinesis of the number 
of bivalents per cell for 6505-7E1 (50 percent pollen 
sterility). 


for progenies with high and low 


149 
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Moffett” in a study of chiasma be 
havior in Anemone observed that from 
liplotene to diakinesis there was a reduc 
tion in the number of chiasmata per bi- 
valent and also a reduction in the num- 
ber of terminal chiasmata per bivalent. 
This was interpreted as being due to the 
terminalization of the chiasmata followed 
by their resolution thus leaving the ends 
free. This behavior was explained as a 
loss of the “terminal affinity” postulated 
Darlington.? Moffett pointed out 
that where there was both a strong tend 
ency for terminalization and a 
‘terminal affinity’ univalents would be 
expected but that crossing-over would 
have occurred 

For the gene with which we are deal- 


by 


Ie SS of 


ing, a. decision between the alternatives 


¢ 


stated above does not seem possible in 
the absence of data of its effect on cross- 
ng over. This effect now being 
studied. [t is certain that for the diakine- 
sis stage of prophase there is a reduced 
chiasma frequency in pollen mother cells 
of desynaptic plants as compared to the 
same stage in normal plants, but this 
would be expected in either case. It 
might be argued that whichever alterna- 
tive (no chiasmata formed or ‘precocious 
resolution of chiasmata) correct, 
chromosome length would be expected 
to be critical in the sense that the shorter 
would) form univalents 
This does not appear to be 
In cells with nine bivalents the uni 
valents were large chromosomes almost 
as frequently as small chromosomes. 

It has already been stated that this 
gene affects the microspore mother cells, 
but has no effect on the megaspore moth- 
er cells 
it was not possible to detect 
of female sterility in plants homozygous 
for this gene, but it has been substanti- 
ited by the fact that there are no tri 
somics in the progeny af de synaptic 
formation of 


is 


was 


chromosomes 
more readily 


sO 


The inference was made since 
any degree 


plants Desynapsis wit! o! 


(F Ma 


y 
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univalents and the possible random dis- 
tribution at Metaphase I and II of these 
chromosomes is an effective mechanism 
for forming gametes with an extra chro- 
mosome. Pollen grains with an extra 
chromosome are not competitive with 
normal pollen grains, but the megaspores 
of such types give rise to trisomic plants 
None could be detected in the progeny 
when desynaptic plants were used as 
female parents 
Summary 


In a defective endosperm stock ot 
which both pollen and ovule 


maize 
showed |} semi 
sterility the ear semi-sterility is due to a lethal 
ovule factor which has no effect on microspore 
production and is transmitted only through 
the pollen. This gene is not /o, and is desig 
nated as lethal ovules, los. The pollen semi 
sterility has its origin in a desynaptic cond: 
tion in meiotic prophase which is conilitioned 
by a single recessive factor. Lacking genetic 
data on crossing-over it is not possible to de 
termine whether the univalents arise a re 
sult of the lack of chiasma formation or be 
cause of rapid terminalization of the chiasmata 
formed. The effects of the gene are not ex 
tended to megaspore formation. It is a differ 
ent gene than Beadle’s asynaptic and has 
lesignated as desynaptic, dy 


as 


eet 


Literature Cited 
Beapie, G. W. Genetics 17 :413-43) 
2 Cytologia 4:269-287 
S,ARBARA MCCLINTOCK 


? 


1932 
1933 
2 and 
Sctence 68 :433. 1928 
4. BurNHAM, C 

1941. 
5. Curtrenpen, R. J. 
Lew, Nature 119:10-11. 
6. Crark, F. J. Bull 
705-726. 1942. 
7. Darutneton, C. D.. Recent Advances in 
Philadelphia, Blakiston. 1937 
JEANETTE and ©. E. Netson 
1946 
Cytoloata 4:26-37 


H. Ls. Jour. G 


R. Genetics 26 :460-468 


and ( Pel 


1927. 


AROLIN 


Conn. Agr. Sta. 465 


{ ytology. 
8. Lowe, 
Ceenetics 31 §25-533 
9 Morrett, A. A 
10. Pao, W. K. and W 
48 :297-310. 1948 
1. Reoaves, M 


M. Jour. Genet. 27 :71-93 


1 
193. 
1 Genetic 


s 32:101. 1947 
R. and P. C. Mane 


390, 1940 


FLS- 


SINGLETON, W 
IS 


13 


2 
DORE 366 


(,enetics 





VARIATIONS IN MITOSIS 


II. The Interrelation of some Basic Deviations 


G. B. Witson, 


N a previous publication of this series® 
an attempt was made to investigate sev- 
eral variations in 
spindle activity. We were then especially 
concerned with “reductional” and “seg- 
regational” type divisions which appeared 
to us to lie somewhere between the ex- 


MUtosis terms ot 


tremes of “normal” dipolar arrangement 
and complete lack of organization as in- 
licated by the formation of a single resti- 
tution nucleus leading to polyploidy. As 
pointed out by Huskins? such deviations 
have a_ considerable potential 
since they can lead to reduction and seg- 
regation in somatic tissues. The present 
paper is concerned with a continuation 
ot our efforts to find some logical order 
in the frequently observed variations in 
mitotic behavior. The hope is that such 
systematization, even though highly the 
oretical, may suggest more fruitful 
means of investigating the problem of 
chromosome mechanics than have been 
used in the past. It is our conviction 
that a sound arrangement of the morpho 
logical facts is a desirable and even nec 
essary prerequisite to biochemical in- 
vestigation and interpretation. We would 
not care to pretend that the scheme pre- 
sented herein is more than a tentative 
first step, but one which we hope is in 
the right direction towards simplifica 
tion and co-ordination. 


ge netic 


Sources 


The majority of our observations and 
all of our illustrations have been taken 
from preparations of Allium root tips 
treated with either gamma-cyclochloro- 
hexane or colchicine for various lengths 
of time ranging from 15 minutes to sev- 


eral days. As in the previous case, the 


*Respectively 


and Plant Pathology, Michigan State College, East Lansing, Michigan. We 
ompany, 
Coleman. Experiment Station Photographer, who prepared 

f the Department of Botany and Plant Pathology 


ur gratitude to the Dow Chemical 
hlorohexane and to Mr. P. G 
the plates. Contribution No. 52-1 


gan State College 


leMay Tso 


Associate Professor of Botany and graduate assistants, Department of 


AND PeTer Hyyptro* 


treatments themselves have nu special 
bearing on our immediate thesis and the 
could have been obtained 
sources including untreated 


In short, 


illustrations 
from other 
tissue of one kind or another. 
there is nothing new about the observa- 
tions since similar configurations have 
been and ° illustrated: many 
times in the past by a great many work- 


¢ 
s 


described 


ers 
Observations 


live deviations from standard anaphase be 
be considered with respect to 
their possible interrelationships and 


quences. These five are as described below: 
| 


1 TT 
havior Will 
conse 


1. Failure of Cytokinesis: A frequently ob- 
served immediate effect of cyclochloro- 
hexane and, to a lesser extent, of col 
chicine is failure of cytokinesis at ana- 

After colchicine this failure is 
often and perhaps usually accompanied 
hy cessation of anaphase. movement. 
Chere is some indication of a similar cor- 
relation after treatment with cyclochloro- 
hexane, but it is considerably less obvi- 
ous. In any event the result is a binucle- 
ate cell in which the two nuclei are cyto- 
logical and presumably genetical equiva- 
lents (Figure 74) 
“Split” Anaphase: Anaphase figures con- 
taining two or more separate spindles 
have been noted after a variety of treat- 
ments as well as in untreated tissue,*.4 
(Figure 84). While it has been pre- 
sumed that such anaphase configurations 
originate from “split” prophases this has, 
by no means, been proven to be the case. 
After treatment with either of the drugs 
used in the present instance, cytokinesis 
also normally fails. Assuming the even- 
tual reinstitution of cell cleavage, the 
end result may be the production of cells 
containing a reduced number of chromo- 
somes. 


phase 


“Star” Anaphase: An anaphase organiza- 
tion which is superficially similar to the 
“split” anaphase, but which differs in 
some rather significant details, is very 
sotany 
wish to express 
Michigan who supplied the cyclo- 


Midland 
Michi- 











MITOTIC IRREGULARITIES 


Figure 7 
| ll double divisior 


cytokinesis B~hinucle: ‘ rf 

with 1h JD" segregational at ia binucleate 
double hromosomes ase”: H 
: : a 

nucicate 


mater 


I) 
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treatments 





SPLIT TETRAD AND STAR ANAPHASE 
Figure 8 


“split” anaphase B tetrad’; ( “Star” anaphase ; 1)——tormation I micro 


is from colchicine treated material, the rest are from cyclochlorohexane treatments. 
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onunon after short treatments with cy 
clochlorohexane and occasionally after 
similar treatments with colchicine. This 
configuration we have tentatively desig- 
nated as “star” anaphase, the name de- 
riving from the striking polar organiza- 
tion of the chromatids in which the kine- 
tochores virtually fuse to form several 
centers of accumulation and the arms 
stick out in all directions without refer 
ence to the putative cleavage plane (Fig 
ure BC). The fact that these configura- 
in large numbers after such 


tions appear 
15 minutes indicate 


brief treatments as 
that they represent an immediate ana- 
phase deviation rather than the result 
of an earlier cleavage. So long as treat 
ment is continued these show 
no sign of undergoing cytokinesis 
“Segregation” Groupings: Split figures 
in which there is no indication of spindle 
action have previously been designated 
as “segregational” groupings (see Wilson® 
and Figure 7D). They are fairly com 
mon after several hours of treatment 
with either drug. When initial division 
is into two groups they presumably give 
binucleate cells, the two nuclei 
not necessarily equivalent 
in either the genetical or cytological 
sense (Figure 7E and F). Again the 
evidence is that such cells do not undergo 
cytokinesis while in the presence of the 
drug. 
nipolar or “C-anaphase”: The typical 
“c-anaphase” arises from ‘‘c-metaphase” 
in which there is no spindle activity and 
in which the chromosomes are more or 
less uniformly distributed. The result is a 
single restitution nucleus containing dou 
ble the original chromosome number 
(Figure 7H). 

Most of the commonly observed mitoti 
variants appear to fit into one or the other 
of the above categories or into a combination of 
them. We may, therefore, consider these vari 
ants as basic deviates including different de 
grees or kinds of spindle malfunction 


cells also 


rise to 
ot which are 


Discussion 


An attempt to organize our five basic devia- 
tions in terms of degree of spindle malfunction 
as well in terms of consequences has given 
rise to the chart shown in Table I. 

One immediate effect of either drug used is 
the complete suppression of cytokinesis. So 
long as treatment is continued no cell -will 
divide regardless of nuclear organization. In 
the simplest case (as shown in the top line of 
Table I) a binucleate cell results which is 
capable of undergoing a second mitosis which 
is normal if treatment is stopped. So far we 
have seen no indication that cytokinesis ever 
occurs in the initial cleavage plane 


“Soph inaphases and “segregational 


group- 


ings, though differing in degree of spindle 
breakdown, are allied in that they both logi- 
cally may be assumed to arise from a previous 
separation in prophase or earlier. The “star” 
anaphase is not easily defined in terms of spin- 
dle malfunction. However, the appearance is 
as would be expected of mutual attraction be- 
tween kinetochores separated by a minimal 
distance or attraction between the kineto- 
chores and dispersed centers in the cytoplasm 
having properties similar to those ascribed to 
the poles of a normal spindle. 

As indicated in columns two and three of 
Table I, the reinstitution of cytokinesis either 
with or without further mitosis may lead to 
a variety of end results not always distinguish- 
able from each other. For example, both fail- 
ure of cytokinesis in an otherwise normal ana- 
phase and “segregational” groupings may give 
rise to binucleate cells which in turn result in 
cells with double division figures. Except 
where morphology of individual chromosomes 
allows distinction, the only method of deter- 
mining whether a given double division figure 
came from a simple failure of cytokinesis or 
from a “‘segregational” grouping lies in the 
greater likelihood that the latter will result in 
binucleate cells containing different numbers 
of chromosomes in the two nuclei such as 18-14 
(see Figure 7/*) 

A similar confusion may eXist as to the ori- 
gin of microcytes. Conceivably these may re- 
sult from the reinstitution of cytokinesis in 
the immediate products of “split” or “star” 
anaphases or from multinucleate cells arising 
from “segregational” divisions involving sepa- 
ration into more than two groups. While we 
are currently of the opinion that most micro- 
cytes arise from “star” anaphases no critical 
evidence for this point of view has yet been 
obtained. 

The more we consider the basic deviations 
described the more unlikely it becomes that 
the spindle can be adequately defined in terms 
of a single force. Although the characteristic 
metaphase-anaphase organization may be in 
hibited by a single drug, there appear to be 
several semi-separable zones of activity; name 
ly, the zone of cytokinesis, the metaphase plate, 
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the spindle 

On this view the 
tional complex which may exhibit various de- 
grees of partial functioning between “normal’ 
and complete elimination depending on the time 


and duration of action and kind of treatment 


an Organiza- 


may be ¢ 


} 


onhined to 


these various deviations 
sidered atypical, 


treated 


they are not 
tissue. For example, we have fre- 
juently noted binucleate cells in the tapetal 
layer of anthers especially in Podophyllum 
Also split figures of various types are quite 
ommon in meristematic tissues of a variety of 
plants and complete failure of spindle activity 
is a common and in some cases a characteristic 
“accident” in a wide range of tissues of both 
plants and animals. The formation of micro 
cytes occasionally follows aberrant second ana 
phase separation as shown especially in triploid 
and tetraploid Musa* and tetraploid spinach.! 
Apart from the genetic potential inherent 


the variations discussed, such deviations 


Recei: 


cytologi al sigmifics n rela 
hanism of mitosis 

that the manner in which a 
mechanism mustunctions 1s 
mechanism itself, and, therefore, 


involved in induced and 


surely 
given 
t in the 
a rigid analy- 
spon 


met 


inhere! 


sis of what 1s 


deviations as well as the mnditions 


under which they occur should, in due course, 


taneous 


provide definite limits to the chon possible 
mitotic } 
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ORIGIN OF LIFE 


HIS book is built of very large blocks of 
live contemporary biology made to coher¢ 
ry a thick coating of an unusual compound 
a philosophic amalgam of materialism 
“critical naturalism”), purpose and teleology, 
God and Christianity; “the spurious concept 
of chance finds no place to insinuate itself.” 
The origin of life, though outwardly granted 
to “natural law,” is treated mainly as an 
area already exhibiting certain phenomena of 
importance to the book’s argument. Sequence 
in organization leading to life is meagerly dis- 
cussed; the coacervates and their literature 
are not mentioned; the full scale of viruses is 
viewed not as steps toward the living but as 
arrivals. The scant pages on the origin of 
life could have been written thirty or more 
years ago 
The “germ integer”-—the molecule of chroma- 
tin, the gene—is the original living particle. 
In its modified, aggregated but concatenated 
forms it still is the builder of cells or of bodies 
ndividuals), the receiver of impulses from 


cytoplasm or body that adaptively change it, 


The Origin of Life and the Evolution of Living Things: 


R. HynpMan, M. D. XII + 648 pages 


and it is the vehicle of lieredity and reproduc- 
tion. The gene is of molecular nature; it is 
sustained by oxidation potential. Its structural 
changes—other than involved in self- 
duplication perhaps—are purely adaptive 
changes made in purposeful response to en- 
vironment when of evolutionary value. Neither 
natural selection nor fortuitous mutation plays 
a significant part in species formation. An 
argument for the effectiveness and directive 
influence of environment is elaborated. The 
view thus developed is believed to clarify both 
embryogenesis and evolution. 

Most biological eyebrows can only lift at 
several affirmations of the preceding para 
graph. Some readers of the book might 
concede that, if gene origins, modifications and 
activities followed the course prescribed, the 
facts of recapitulation and embryogenesis 
would be somewhat clarified. That concession, 
however, could only reinforce the need to ex 
amine the validity of the whole of the author’s 
environmental theory of evolution. Within 
that broad scene each critic can select only one 
or two from among the many obtruding 


those 


An Enviromental Theory. OLAN 


Philosophical Library, New York 1952. $8.75 
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targets this review we first turther quote 
The (current) teaching is based on a 
theory that the species have evolved by 
random changes and that they exist because 
such changes were, by chance, not in- 
congruous with the environment. My con 
clusions express a. strictly opposite point of 
VIEW Living entitles adapt to the environ- 
always tending to annul adverse tn 
Natural selection, 

ry proposed here plays a small 
evolution . Organ ution and 

hange that it defines 1s the result and out 
come of adaptation which is purposefully and 
directly controlled to maintain survival of the 


according to 


” 


rganismal type of species 
Perhaps it is here more appropriate and 
wesent the author's views than to 


usetul | 

then Comment is therefore re 

However, in the author's view genes 

nef “living entities,” and thus it is 
that genes “always tend to annul ad 
influence.” Do th numerous gen 
. that have been observed following X 
ultra-violet, and chemicals confirm or 
Mores ver, mm case a change ] gene 

} 1a molecule, by it magic 
we < in properties of this molecule 
restricted to a single one or kind? Again, the 
last of the statements quoted declares that al 
biological achievement is the “outcome of 


] 


idaptation which is purposefully and directly 
controlled.” Clearly, to Deity is assigned 


chief role in these affairs. Though “vitalism’ 
is formally disavowed, “Let us assume that 
God is sutticiently omnipotent that His system 
15 perfect in its beginning and throughout suc! 
that He does not have to interfere in order t 
grease the machinery, repair the 
lavorites 

“My thesis is a plea to reopen the case for 
Lamarck in respect to his conviction that et 
vironment determines adaptive change 
rectly In respect to these fundame l 
concepts, the theory which I have formulated 
is in accord with the theory of Michurin (and 
Lysenko) and not in accord with the tl 
proposed by Weismann If mutation does 
not affect the quality of the genes, and this 
the logical conclusion, then it is unabk 
account for adpative change except in a ve 
limited sense Differences in living thi: 
are attributable to differences in: environment 
at the cradle of life and thereafter 

One may acclaim the achievement 

thus placing God and Lysenko on t! 

and first—-team The reader of this 
book will perhaps remain in doubt 
whether the nub of the treatise is 
philosophy, or a personal theology. Surely 
will need to look widely for ; ittempt to 
hlend — philosopl 


congruou 


HEREDITY IN UTERINE CANCER 


v HI purpose of this book,* which ts pub 


lished for the Commonwealth Fund, is to 
inswer the question whether a disposition to 
cancer of a single site, uterine cervix, is in- 
herited. Dr. Murphy is particularly well qual 
ified to make such a study, having recently 
ompleted a modern study of congenital mal 
formation of children in the Philadelphia area 


Phe hook is divided into tour sec tior I The 
literature II. Materials and methods; III 
The results; IV. Discussion. The appendices 
give the cooperating groups, bureaus and hos 
pitals, and the family record-form together 
with directions for completing it. The latter 
will be useful for the critical reader and for 
persons interested in further, or similar, in 
vestigations 


In the study, the occurrence of cancer among 


Murphy, Douglas P.: //eredity in Uterine ( 
1952. 128 pages. $2.50. 


the relatives of 201 women who were suffering 
from cancer of the uterine cervix is compared 
to the findings for 215 control probands. 6445 
individuals were included in the study. 
Analysis of the statistics leads to the cor 

clusion that genetic factors play a significant, 
though small, role-in the etiology of cancer of 
the uterine cervix; that the factors which pre 
dispose to uterine ‘cancer do not predispose in 
any significant degree to cancer in other sites; 
and that hereditary factors other than those 
concerned with uterine cancer, play a role in 
he etiology of cancer elsewhere in the body 

results have been obtained in spite of 
nearly insurmountable difficulties from a ge- 
netic point of view 

Grorce W. Woo.Ltey 

Sloane-Kettering Institute 
Vew York, N. Y 


ancer. Harvard University Press, Cambridge 





STUDIES ON THE MUTAGENICITY 
OF PHENOL 


In Drosophila melanogaster 


FRANK M. STURTEVANT, JR.* 


Vorthwestern University, Evanston, 


HE approach of chemical mut 
genesis to the nature of the ge 


is much less drastic than that of 


radiation genetics. Those agents whic] 


have been found to be successful have 


been less effective, as a general rule, in 


producing high mutation rates and have 
even yielded “delayed effects.’’? 
Although most of the chemicals whic! 
have been tested have been selected at 
random, this was not true of mustard 
phenol. Mustard gas and_ nitroget 


Ss or 


mustards were selected because of their 


radiomimetic 
Nigglil® cl 
mutager 

it had demonstrated to act 
Treffergift to Botrytis spores 
Escherichia coli. Niggli believed that 


mutagenic effect she 
Drosophila depended 
fergift character. Moreover, she 
sented good evidence that there 
certain loci whose chemical constit 

and orientation make them more 
ceptible to phenol-mutation than othe1 
loci. 

Mutagenicity has been demonstrated 
with phenol on Antirrhinum majus'® and 
Allium,8 but the only positive results on 
Drosophila were those of Niggli!® using 
the technique of Hadorn.® In this meth- 
od, excised larval ovaries are treated in 
vitro and then grafted to host larvae. All 
other attempts to produce mutations in 
Prosophila by phenol have met with 
failure: subjecting adult males to vapors 
or injecting them with the substance ;? 
treating adult males by the aerosol meth- 


extreme, 
reaction in living tissues 
phenol 


penetration and 


as a |x ssible 
heen 


demonstrated 


+] 


upon this 


a] 
liline , 


generations 
1 eg 


ro 
Ss 


od ;4 
phenol-food or soaking fertilize: 
phenol 1S 

The present report is on three new 
Drosophila with 
phenol, with appropriate tests for locus 


raising severa 


methods for treating 


specificity. 


Materials and Methods 


Phe Oregon-R stock of Drosophila mela 

selected as a wild stock, 

determined by the 
tl 


1 lethals were 
method. For crossover estimates, 
“Fe 


heterozygotes were crossed 


wteyr was 
scx linke 
Muller-5 
Muller-5 
v, hairy wing, white, miniature, forked 
males. The standard error of crossover was 
determined from the varia linkage esti 
mate! All cultures in all experiments were 
raised on the standard corn meal-agar mediun 
shell vials kept in a constant-light-and 
fe om 2G 


nee of 


temperature room at 


The Vapor Experiments 


were arranged it 
tubing 


Five half pint milk bottles 
eries connected by glass and rubber 
[he first bottle was attached to a ¢ MN presser 
ir inlet adjusted to deliver air at a rate of 4.0 


water displacement 


nl/sec., as measured by 
The air was first passed through mineral oil 
then distilled water, saturated calcium chloride 
solution, phenol crystals (C.P., J. T. Baker 
Co.), and into the treatment bottle 

Experiment Al. Third instar male larvae 

the wild stock were treated for 24 hours, 
and then removed to clean bottles where they 
were placed on filter paper moistened with 
Holtfreter’s solution,15 the normal saline used 
throughout all experiments. Only those larvae 
which had pupated during treatments were 
utilized, all others being discarded. After 
hatching, the males were mated individually 
to virgin, homozygous Muller-5 females 
Heterozygous females of the Fi were mated 
individually to three Muller-5 males, and the 
F. examined for the presence of lethals 


*From a dissertation submitted to the Graduate School, Northwestern University, in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. Present address: G. D. 


Searle & Co., P. O. Box 5110, Chicago 80, Illinois. J 
Mickey, under whom the present work was done, for his assistance and helpful 
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The writer is deeply grateful to Dr 


criticism. during the course of the investigation and in the preparation of the manuscript 
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/ rperinent 12 bor 
the effect of vapors on 
treated tor 24 
above. 


a confirmatory 
adult 4 5 
wn removed and 


male s, 
were hours, tt 
mated as 


Laxperiment though females 
a relatively lower spontaneous 
10 


A3 kven 
generally have 
and experimental mutation rate than males, 
After a 24-hour treat 
mated individually to three 
Mulier-5 males. Virgin, heterozygous tem 
of the F, were backcrossed singly, and the 
F. examined for the presence of lethals 


they were tested also 


ment, they were 


ales 


The Injection Experiments 


\ semimicro-syringe was devised which e1 
abled the making of a small puncture in the 
and whose delivery volume could be 
reasonably controlled. The syringe was made 
by attaching one end of a woven catheter to 
the one-ml tuberculin syringe, 
and affixing a small glass pipette to the ,other 
end. The hypodermic syringe was mounted 
on a heavy base, and the plunger worked by 

Ihe delivery of the syringe per 
and screw was calculated, and“the 

njection volume (0.012 ml) de- 

Since up to one half of that volume 
flowed out of the puncture when the 
need extracted, the volume 
was estimated at 0.006 m1 

Late third instar larvae were inactivated by 
rolling them on filter paper with a brush; in 
jection was accomplished by holding the larva 
binocular with a forceps 
the needle into the mid-lateral 
The desired volume ad 
ministered, the needle removed, and the larva 
laced ini a food vial. After hatching, the flies 
the Muller-5 method, as before. 
made with the same 
phenol the vapor experiments, using 
Holtfreter’s saline (pH solvent 
The following injections were made: 25 male 
larvae with 0.20 per cent phenol (Experiment 
B1), 119 male larvae with 0.25 percent (B2), 
122 male larvae with 0.50 percent (B23), and 
47 female with 0.50 (R44) 


larva 


needle of a 


a hand screw 
turn of the 
optimal 
termined 
usually 


Was remaining 


dissecting 


under 
and ims 


lv-wa 


rting 


bow Was 


tested by 


solutions 


were 


All 


were 


7&5) as 


larvae percent 


TABLE I 


Pher M 


The Vaginal Douche Experiments 


Following the method of Herskowitz,8 ma- 
ture sperm were treated with phenol by the 
vaginal douche technique. Virgin Muller-5 fe- 
males, tour to five days old, were given a 
vaginal douche of phenol solution with the 
semimicro-syringe described above. The fly 
was first etherized lightly, and then affixed on 
ot a dissecting binocular by moisten- 
Extrusion of the ovipositor 
was effected by compressing the abdomen 
dorso-ventrally with a teasing needle. The 
glass pipette was then inserted, and phenol 
acmuinistered until it flowed out of the vagina 
The wings were removed, and the treated fe- 
males placed in an empty shell vial with four 
Oregon-R males which had been aged for a 
week 


the stage 


ing the wings 


Since Herskowitz8 demonstrated by tests 
with dyes that substances did not enter the 
seminal receptacle and remained in the vagina 
ior only about three hours, the treated females 
were left with the males only two hours. It 
mating did not occur during that period, those 
discarded. The remaining fe 
males were placed in individual creamers of 
food medium, and the resultant F,; inbred 
singly. The F, was examined for the presence 
recessive lethals 


females were 


I'wenty females were treated with each of 
the following concentrations of phenol in 
Holtfreter’s solution: 0.01 percent (Expe 
ment C1), 0.10 percent (¢ 1.00 percent 
200) percent (C4). 


2). 


tt.3 3; 


The Controls 


sary to establish two kinds of 

The first (Expertment D1) was a 
control for the injection experiments 
larvae were treated exactly as for that series 
except that saline only was injected. This 
control series was continued until it was estab 
lished that the injection of saline did 
significantly alter the mutation rate (Table I) 
Accordingly, 54 third instar male larvae were 
and five tested by the Muller-5 method 


It was 
controls 


nece 


special 
I 1 


not 


treated 


Summary of all Phenol Experiments and Comparison of Results to The Controls 


ethals Pe 
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males served as 
D2), that 1s, 
was derived 
These control 
of about 


the three 


Thirty-two untreated adult 
mtrol (fax©periment 
mutation rate 
them. 


» main <« 
the spontaneous 
from Muller-5 tests on 
tests were carried on over the course 
two years, contemporaneously with 


Main exp rimental series. 


Results 

comparison OL the re 
experiments with 
control series, 
gathered in Table I 
increase 1n 


tu tacilitate 
different 
results of the 


sults of the each 
other and with the 
data are 
Even though there is obviously no 
mutation rate in experimental series, t 

rates are compared statistically with those of 
the control series (J + 2) in order to 
ndicate the degree of significance of the data 
The saline-injected (D1) are also 
compared to the untreated (D2). The 
statistics in the last column of Table I are 
all below what is generally considered signif 
Therefore, the differences between the 
and control series ‘can } 


alone 


the essential 


the 


controls 
series 


cant 
experimental 
plained by cl 

[he average mortality in the # series 
calculated at 80.7 percent, since 
mortality in the control inje (D1) 
40.7 percent, the difference of 40 percent can 


e €Xx 


was 
the 


was 


and, 


trons 


f 
the injurious effect of the 


be attributed to 
I njyected in 
loci of all th 


1! 


series 
e lethals detected in the 
all experiments are listed in Table 
they are distributed 


chromosome 


it is easily 
fairly evenly 
Although, in the data tabulated, only lethals 
vere scored, it should be noted that at no 
ine were any mutations detected which could 
be termed semilethal, i.e., the number of wild 
obtained per Muller-5 F. culture was 
below ten percent of that expected. The 
sex ratio had calculated in a 
preliminary experiment to be 3,146 males to 
3,318 females, or 1.00 : 1.05. Visible mutations 
not considered, due to the 


seen that 


along the 


males 
never 


normal been 


were personal 


equation 
All of tl 
tection, were’ carried in stock by 
them over Muller-5 chromosomes. At the 
time of writing, no penetrance of than 
100 percent has been observed, even though 
f lethals are now almost two years 


time of de 
balancing 


from the 
} 


less 


Discussion and Summary 
[he lack of change of penetrance mentioned 
above does not agree with Hadorn’s ex 
periments,® in which the change may have been 
due to modifier accumulation or mutation of 
metastable premutations to stable energy levels 
(see Auerbach.3) 
The results from Experiment A2, in which 
adult males were treated with phenol vapors 


connrm 


those of Hadorn, Rosin and Bertani? 
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and Demerec,4 who reported negative results 
the present study indicates that other methods 
unsuitable for the demonstration of the muta 
genic effect of phenol on Drosophila include 
subjecting male larvae and imagos to 
vapors, injecting larvae of and 
treating sperm by the vaginal douche technique 
} successful method yet to be employed 

Hadorn,5 in which ovaries are 
vitro. 

The reason for the failures is difficult to 
issess. Positive results have been obtained 
with the same techniques employed herein but 
with different chemicals. Thus, aerosols or 
vapors,! injections,!*, 14 and douches®, ® are all 
sound techniques, but, for some reason, are not 
effective for phenol work. It is noteworthy 
that all unsuccessful methods have involved 
administering phenol to le organisms, 


female 
both sexes, 
Che only 
that of 
treated im 


whole 
while positive results were obtained only when 
the treatment was in The explanation 
seems probable that sublethal doses of phenol 
(1) are readily detoxified:in the haemocoel 
of the larva before the mutagenic properties 
can become manifested, (2) do not reach the 
germ plasm when the latter is in a sensitive 
state, or (3) do not penetrate the membranes 
to reach the all. Obviously, 
the first case would not apply to the vaginal 
douche results 

It is usually assumed that maximal-injury 
dosages of chemical mutagens are most likely 
to be the more mutagenic. If gonadal injury is 
correlated with mutation rate, it is of 
to examine the lethal yield of such flies, even 
though the probability of discovering lethals in 
numbers of progeny is admittedly 

By inspection, it was found that 29 
cultures cor 


miro 


germ plasm at 


interest 


small 

lowered 
of the experimental Muller-5 F 
tained 20 or fewer heterozygous females; 

lethals were detected in any one of them. On 
the other hand, all six lethals coming from 
experimental series descended from F, cultures 
ot 49 to 142 (average 67) heterozygotes 
Therefore, it may be concluded that the injury 
mutagenicity hypothesis does not hold here, and 
that the reason the lethals were detected only 
in large F, cultures was because the probability 
of detection was greater in those cases. How 
ever, if younger stages in the development of 
germ cells are differentially sensitive to the 


Loci of Lethals from al! Experiments 


TABLE II 





9 
2eVU 


action of phenol, 
with formalin,’ then mutations could 
be found only in the larger F; Whether 
the lack of correlation between injury and 
mutagenicity would have held had the muta 
rates been experimentally increased is a 
but in view of Niggli’s data,)® 
i” seems improbable. 
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Zebra Finch Mutations 


NVARIABLY, when any species of wild- 

life is intensively bred by man, mutations 
are discovered and subsequently established. 
Interest in the exhibition qualities of the spe- 
then increases to the point that a new 
“Fancy” is born. Such has been the case with 
the humble Zebra Finch Taeniopygia casta 
nolts, 

For many years this was looked 
upon merely as a rather free breeding species 
ideally suitable by temperament for a mixed 
aviary collection. As mutations occurred a few 
breeders turned to control breeding, using 

ather small breeding cages. They were highly 
smanaadiel both in their breeding operations, 
and in the establishment of the new types. 

Today, we have not only the original wild 
type grey but also silver, cream, cinnamon, 
white, pied, white-headed grey, variegated 
grey, variegated fawn, variegated white, blue, 
black, silver-grey, buffs and pastel shades re- 
ported by various breeders as being estab- 
lished 

With these numerous mutant types in exist- 
ence interest in the Zebra Finch as an exhibi- 
tion species has boomed to the point that a 
Zebra Finch Society was organized in England 
last spring with Mr. Stan Moulson of 10 East- 
ern Avenue, Rose Hill, Oxford, England as 
its secretary. Since then this society has ex- 
panded to become an International organiza- 
tion with members in the United States, Can- 


cies 


species 


ada, South Africa, Australia, New Zealand and 
numerous other countries. 

In spite of the fact that numerous types are 
now well established, very little is known by 
members of the Zebra Finch Society concern 
ing the nature and relationship of the various 
mutant factors involved. The society is there- 
fore directing its first efforts toward locating 
such information as is now known concerning 
the genetics of the Zebra Finch. When the 
necessary information has been assembled, or 
determined through actual breeding tests, a 
series of tables of expectations will be com- 
piled and made available to all Zebra Finch 
Fanciers. 

Readers who have knowledge that would be 
of value to the Zebra Finch Society in this 
worthwhile effort are requested to correspond 
with either the Secretary, Mr. Stan Moulson, 
or with this writer. 

Several members of the Society are fully 
qualified to make the required test matings, 
and are prepared to do so if this should be 
necessary. But, if the information now known 
concerning the genetics of the Zebra Finch 
can be assembled, it will be possible for the 
Society to make the desired information avail- 
able to its members years sooner than would 
otherwise be possible. 

MatrHew F,. Benner 
P.O. Box 414 
Vancelona, Michtagas 





TONGUE ROLLING AND TONGUE 
FOLDING 


and other Hereditary Movements of the Tongue* 


Epwarp FE. 


TURTEVANT*® first described a 
movement in which the lateral edges 
of the tongue were rolled together 

He concluded that the ability was due to 

a pair of alleles. The gene conditioning 

the ability to roll the tongue (FR) being 

to the inability to roll the 

Urbanowski and Wilson? 

confirme Hsu? de 

scribed a pattern in the Chinese in which 
the distal part of the tongue folds back 

the tongue. A popu 
revealed that this ability to 
of the tongue could 


ee , 
nad the 


dominant 


tongue 


(r). 
! 
| 


this conclusion 


upon the base of 
lation study 
the tip 
only be expressed by those who 
ability to roll up the lateral edges. In 
this represented a genic 
phenomenon often re 
organisms but not 
man. Liu and Hsu,’ in a 

later paper, postulated that a pair of 
alleles conditioned the tongue rolling and 
another pair of alleles was responsible 
for the tongue folding. The allele for 
rolling was dominant over its non-rolling 
allele and the folding allele was reces 
sive to its non-folding allele. The data 
revealed that the folding-non-rolling 
class was absent, and that this was not 
1e to chance. Liu and Hsu concluded 

the two abilities are conditioned by 


fold back 


other words, 
interaction—-a 
cf rded in other 


prominant in 


that 
complementary factors. 

\nother movement called ‘“clover-leaf 
tongue” was first described by Hoch.! 
Whitney® also describes this movement 
and suggests that it may be a dominant 
trait with reduced penetrance. 

This study is primarily a re-execution 
of Liu and Hsu’s study in a Caucasion 
population. Other tongue movements 
were also investigated and will be dis 


cussed later. 


GAHRES 


Material and Methods 


This investigation surveyed a sample of 805 
residents of Eastern Coastal States. The data 
included grade school, high school and college 
students, and other adults, the preponderance of 
the data coming from students at the George 
Washington University and from the Wash 
area in general. The population 
mixed European 


ington, D. ¢ 
consisted of Caucasians of 
ancestory, for the most part. The psychological 
effect of discovering that one had what might 
he interpreted as a physical defect was absent 
cases. The difficulty of performing 
several of these movements probably added 
a greater source of error than the phychological 
Some persons who might, with practice 


im most 


effect. 
iorm the various movements, were considered 
unable to perform the movement in 
These errors may have some effect 
results, but it is believed that their 
conclusions 


as being 
question. 
upon the 
effect is negligible as far as the 


here are concerned 


Results 


Table I shows the total data obtained for the 
tongue rolling and tongue folding traits. The 
sexes are recorded separately. The symbol r 
represents the tongue rolling ability and f 
the folding ability. A plus sing indicates 
those persons who can perform the movement 
and a minus sign those who cannot. A greater 
percentage of females than males can both 
roll and fold the tongue. A chi-square test 
for random sampling revealed that the dif- 
ference is non-significant and the sex dif- 
ference may thus be attributed to chance. As 
in the data collected by Liu and Hsu, no per- 
sons were found who could fold but not roll the 
tongue. This absence is probably not due to 
chance, but is to be accounted for as Liu and 
Hsu suggested; by an epistatic interaction of 
the rolling and folding genes. The argument is 
as follows: 

If R-r is a pair of genes responsible for 
tongue rolling, the genotype for people who 
an roll is either RR or Rr, and for those who 
cannot roll, it is rr. If F-f is another pair of 
genes responsible for tongue folding, the peo 
ple who can fold have a genotype of ff 
while those who cannot fold are genetically 


*From a thesis submitted to the Faculty of the Columbian College of the George Washingto: 
University in partial fulfillment of the requirements for the degree of Master of Science 
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TWISTERS AND CURLERS 
Figure 9 
1 and # illustrates the ability to twist the tongue first to the right and then to the left 
Persons whe can twist the tongue only one way are usually able, with practice, to twist it both 


j 


ways. C-~-shows the lateral edge curling or rolling movement. D—shows a pattern in whi 
the edges of the tongue are rolled up and flattened and then bent under, giving the appearance 
of having a split tongue. 


f If there were no interaction be Gene Frequency Analysis 
twee n the genes FR and F, we could expect four According to the Hardy-Weinberg law, ina 
phenotypes to occur. population mating at random, the frequency of 

As was pointed out by Liu and Hsu, the the recessive allele of a pair of alleles is given 
two genes are not independent in their action as the square root of the frequency of the 
The folding ability can be expressed only by phenotype in the population. The allele fre 
those who have the dominant rolling gene, Rk quencies, ~ and q of a pair of alleles in a 
Because of this interaction, the potential fold random mating population in which three 
non-rollers (rrff), can neither roll nor fold genotypes occur, express themselves in the 
Phenotypically, they are undistinguishable proportions, ~p?+ 2pq+q*=—J1. Therefore, the 
from the non-fold-non-roll class (rrF-) gene frequency of the recessive allele is q 
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CLOVER-LEAF AND FOLDING TRICKS 
Figure 10 


{—-illustrates the clover-leaf pattern. A-—llustrates the tp overiolding movemen Chis 
s accomplished by folding the tip of the tongue back upon the base of the tongue. (C—shows 
the tip folding movement inside the mouth. [)--shows the folding of the tip of the tongue out 
side the mouth. This subject “taught” the tongue to fold outside of the mouth by first extend 
' 


ng the folded tongue. 


and the frequency of tl lominant allele i population containing two independently in 

(l-q)=p herited pairs ot segregated at random 
In the case of & and r, This relationshiy expressed in the fol 
complicated by tl! interaction. The results lowing 

are shown in Tables II and III. In the case 

f genes F and f, the analysis is complicated 228-x (rrF-) 

by the epistatic interaction between the gene This gives an expected number of 7.52 indi 

R and the gene In order to determine the viduals who cannot perform the rolling and 

proportions of the genotypically “fold-non- folding tricks contained among the rrF- group 

rollers,” (rrff), it is necessary to take into This number is based on 637 individuals rather 


r 


account the phenotypic frequencies expected in than the total number studied, but does not 


} 
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impair the analysis. It is then necessary to 
correct the observed frequency and to put in 
the f category those non-folders who are 
homozygous for f, but who cannot fold be- 
cause they lack the gene KX. These corrected 
values are shown in Table II. 

The frequencies of the alleles r and f, thus 
corrected, are, according to the Hardy-Wein 
berg law, V.2636 and V .0330 respectively. The 
gene frequencies of both pairs of alleles are 
shown in Table III 

Table IV shows the expected numbers of 
the three classes calculated from the 
gene frequencies as compared to the observed 
numbers for the same classes. On the assump- 
tion that the r-j/ class is absent by chance a 
chi-square value of 7.74 is obtained with one 
degree of freedom. The probability correspond 
ing to this chi-square that the rrff class is 
missing because of chance is less than .01. If k 
and F are complementary, the expression of f 
must be dependent upon the presence of R 
The agreement between the observed and ex 
pected frequencies on this hypothesis is almost 
perfect. This explains the absence of the 
double recessive phenotype in the population. 


above 


Other Tongue Movements 


Table V_ indicates the number per- 
centage of people who can twist the tongue 
to the right only, to the left only or in either 
direction, as compared with those who cannot 
twist the tongue either way. 

The results from the study of the clover-leaf 
pattern are shown in Table VI. Two types of 
clover-leafers were found: those who could 
immediately form the complete pattern, or 
could do so after a little practice; and those 
who demonstrated a limited ability to form a 
Both these groups were 


and 


clover leaf pattern 
tabulated together 
An interesting pattern was found in which 


of the rolling and folding 


traits.* 


TABLE I. 


Frequency 


TABLE II. Proportions of the rolling and folding 
traits. 


~ Rolling - 
Phenotype + 


Genotype RR-Re 
Actual No 6%7 


( of I feredity 


the subject rolled up the edges of the tongue 
flattened the rolled tongue, and bent it under 
giving the appearance of having a split tongue, 
(Figure 9))) 
Discussion and Conclusion 

From the data in Table IV, it can be con- 
cluded that the absence of the class which 
would be able to roll but not fold the tongue 
is not due to chance. If it is assumed that 
there is an interaction between the recessive 
allele conditioning folding and the dominant 
rolling allele, and.that this interaction prevents 
the expression of the non-rollers-folders, the 
absence of this phenotype class is explained. This 
confirms the hypothesis of Liu and Hsu that 
there is an epistatic interaction between the 
rolling genes (K-r) and the folding genes 
(F-f). There does not seem to be any evidence 
of sex-linkage or sex-influence present in 
the action of either pair of genes. There does 
seem to be a slightly larger percentage of wo- 
men than men who can fold the tongue. 
__ From observations made in this study, the 
ability described by Whitney concerning the 
folding of the tongue inside and outside of the 
mouth may be due to tongue size and freedom 
of movement of the tongue rather than due to 
any special genetic effect. The ability to fold 
the tongue outside the mouth may be dependent 
upon other genetic mechanisms which are not 
in themselves in any way related to the fold 
ing ability 

In regards to the rolling ability, the data 


TABLE IIT. Gene frequencies. 


0330 


0.182 


TABLE IV. Expected and observed numbers of the 
three classes of tongue rollers and folders. 


Ger 
Pher 
Obese 


Expe 


TABLE V. Twisting abilities in relation to sex. 


Total 
N o% No % 


100.00 
100.00 
100.909 


319 
1S5 


$46 


63.17 
63.01 


63.12 


619 
246 
RAS 


TABLE VI. Clover-leaf pattern in relation to sex. 


~~ Total — 
No % 


100.90 
100.00 


619 
246 


RAS 100.99 
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heretofore mentioned shows no sex difference 
n the ability to perform this trick. The per- 
centage of people in the sample that can roll 
the tongue is almost 74 percent, which is 
slightly higher than has previously been re 
ported. 

No conclusions can be made as to the mode 
of inheritance of the twisting and clover-leaf 
patterns since pedigree data were lacking. The 
twisting ability is not dependent upon any 
other movement. The clover-leaf ability was 
found to be present only in those persons who 
could roll up the edges of the tongue. No 
was found who could perform all four tricks 
The clover-leaf pattern and the folding trick 
not found to be present in the same 
person. This might be due to the fact that 
hoth abilities are present a small per 
entage of the population 

I he gene 
folding abilities in this casian population 
ind the Chinese population are sufficiently dif 
ferent to assume that a racial difference exists 


hetween the these abilities in 
the two races 


one 


were 
f ymily 
and 


, . . een 
frequencies or e roiling 


distributior 


22 


e 


rhe physical expression of the action of the 
rolling and folding genes probably involves the 
iuitrinsic muscles of the tongue. The extrinsic 
muscles probably initiate the tongue move 
ments, but the patterns elicited are probably 
due to the intrinsic muscles. The length of 
the muscle fibers, and possibly the pattern of 
the intrinsic muscles seem to be the determin 
ing factors in tongue patterns 
de scribed 


each of the 
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ELECTRON MICROGRAPH OF A DROSOPHILA CHROMOSOME 


Figure 11 


1 


Electron micrograph of a portion of an unstretched salivary gland chromosome of D. 
melanogaster. Electron magnification of approximately 5,000 is enlarged to approximately 
18, 800% 





ELECTRON MICROSCOPY OF 
SALIVARY GLAND CHROMOSOMES 


of Drosophila, using the 


Grid-Smear Technique* 


IRWIN H. HerRsKow1Tz 


Department of Zoology, Indiana University, Bloomington 


OR almost two decades the chromo 

cell the larval 
Diptera ] 

extensive 


in the s of 


somes 
lave 
in- 


salivary glands of 
been the subject of 
vestigation’. The giant size and charac 
teristic have 
made these chromosomes a most valua 
ble the linkage of to 
cytology and many of the cytogenetical 
advances of this period utilized maps of 
these from 
their readily observed gross morphology. 
There has not been, however, any uni- 
their in 


cross-banded appearance 


tool in genetics 


chromosomes constructed 


versal] concerning 
ternal structure, and a number of hypoth 


l interpret 


agreement 


eses have been advanced to 


the sub-microscopic morphology of these 


from their 


chromosomes 


appearance 11 


lo] 


it microscope under various 

Recently it has been possi! 

the el 
examination of 
thereby providing a much higher level of 
magnification for the study of their in 
ternal organization. Different techniques 
lescribed for the preparation of salivary 


ectron microscope for the 


+} 


these chromosomes, 


«land chromosomes for electron micros 
18 replica 


copy involve microdissection! 
’ and 


14 19 sectioning 1 


17 


(cast) formation 
squashing (smearing). 

The purposes of this communication 
are to report a new and very simple 
technique for the preparation of salivary 
chromosomes for electron microscopy, 
and to present preliminary observations 
cn electron micrographs of Drosophila 
melanogaster salivary chromosomes pre 
pared by this method. The results ob 


tained are compared with those of others 
using the electron and light microscopes, 
and their bearing on the interpretation 
of the fine structure of 
somes | | 


CIISCUSSe€¢ 


salivary chromo 


1s 


Methods and Results 


Full-grown larvae of D. melanogaster are 
placed in 60 acetic acid, and the 
sclivary glands removed. After 10 minutes 

this solution the glands are transferred to a 
200-mesh nickel grid previously coated with a 
water-floated film of parlodion. Another coated 
grid is put on top of this, the grids placed 
between two slides, and the glands 
crushed by thumb pressure. After the squash 
ing, the two grids are separated with a needle 
and permitted to dry in air for a few minutes 
The tissue is then ready for microscopy and 
remains in condition for months 


percent 


glass 


excellen 

Typical results obtained by this method, 
using an R. C. A. EMU electron microscope 
are shown in the accompanying photographs 
Figures 11-13 show regions of chromosomes 
which are relatively unstretzhed, and moderate 
ly and considerably stretched, respectivels 
Figure 14 shows, as do the others, a multitude 
of granules in the “hand” and “interband” 
regions 

The grid-smear method 1s 
mits microscopy of 
eliminates the necessity of subjecting the 


saving, per 


tissues, and 


time 
unstained 
ma 
terial to various chemical and physical agents 
distortion addition 


m 


cause 
fixation 


might 


which 
the original 


Discussion 


It will be desirable to mention some of the 
variability of Dipteran salivary gland chromo 
somes in the living as well as fixed condition 
before discussing the contributions of electron 
microscopy toward an understanding of their 
structure. 


*The experimental work was carried out at Louisiana State University School of Medicine 


where it was supported by 


a grant from the National Cancer Institute, U. S. 


Public Health 


Service. The electron microscope facilities were provided by- the Charity ospital of Louisiana 
S The elect facilit re provided by. the Charity Hospital of I 


and the Tulane University Biophysics Program 
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AN UNSTRETCHED CHROMOSOME 
Figure 12 
Electron micrograph of a portion of an unstretched salivary gland chromosome of D. 
melanogaster. Electron magnification of approximately 4,300 is enlarged to approximately 
20,500 





Herskowitz: Electron Microscopy of Drosophila Chromosomes 


The nuclei in the salivary gland cells ot 
living larvae may appear homogeneous (dis 
counting the nucleolus), or as containing more 
or less banded chromosomes depending upon 
the species 7.5, the amount of pressure ap 
plied to the larva, and other treatments.§ 
Ir living Drosophila larvae these nuclei appear 
homogeneous® or show sparse or faint band- 
ing.2 Factors which affect chromosome thick 
ness, stainability, and spreadability include the 
conditions in which the larva is cultured, the 
stage im maturity 


6 


age of the larva, and the 
of the particular gland cells studied. 
chromosomes fixed by different 
nethods ‘present various morphological ap 
pearances.6 In Drosophila, for example, sali- 
vary nuclei retain the homogeneous appearance 
of the living state after fixation in 10 percent 
sucrose!® or 4 percent neutral formaldehyde®: ® 
when the chromosomes almost fill the 
nucleus and show little or no banding either 
under ordinary or phase contrast microscopy. 
On the other hand, as is well known, fixation 
in acetic acid causes chromosomal shrinkage 
and the appearance of sharp banding.1! In 
addition, as distinguished from formalin-fixed 
chromosomes, acetic acid fixation permits the 
chromosomes to be easily stretched lengthwise 
Since the classic cytological picture of salivary 
chromosomes has been obtained from smears 
ot acetic acid treated material it is worth 
noting that such chromosomes differ grossly 
in appearance, diameter, and length from 
normal living chromosomes. Nevertheless, the 
basic organization of the salivary chromosomes 
in the living state produces a pattern of band 
ing of such. reproducability, after acetic acid 
fixation and at the magnifications of the light 
microscope, as to be adequate for cytogenetic 
studies 

It seems apparent that any satisfactory 
interpretation of the basic structure of salivary 
chromosomes must take their physico-chemi- 
cal nature into consideration. This must be 
done in studies of chromosomes in both the 
living and fixed conditions. In view of the 
difficulty of working with living salivaries most 
studies employ fixed material. In this case it 
is particularly desirable to take into account 
the physical and chemical changes produced by 
the fixation. Several chemical changes are 
known to be brought about by acetic acid 
fixation. Water is lost from the chromosome® 
and so is glycogen.19 If a pellicle and matrix 
exist in the living salivary chromosome their 
chemical basis probably has been removed dur- 
ing fixation since electron micrographs have 
heen unable to clearly demonstrate their 
presence, Certain physical properties may also 
he changed by acetic acid fixation. Since a 
clear solution of desoxyribonucleohistone, sup- 
plied by Dr. N. B. Kurnick, placed in acetic 
acid precipitated in sheets and fibers it is 
likely that this would happen to a similar solu 
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tion contained in salivary chromosomes. From 
these considerations it remains important to 
determine to what extent differences between 
living chromosomes are represented by detecta- 
ble variations in the cytological preparations, 
and to what degree the differences observed in 
the latter are due to the techniques of prepara 
tion 

It is almost universally accepted that the 
salivary gland chromosome is a multiple 
structure containing a number of reproductions 
of the basic chromosome material. According 
te the most widely accepted interpretation, the 
pelytene hypothesis, the pattern is a 
thread, or chromonema, which reduplicates to 
produce a bundle of identical threads oriented 
parallel to each other.!3 However, 
workers do not feel the evidence available is 
conclusive enough to identify the reduplicated 
material as a bundle of definite threads.! 
In any case, it is agreed by almost all workers 
that the basic unit of the mature salivary gland 


whatever it may be, is below the 
+ 


basic 


some 


chromosome, 
limit of resolution of the light microscope. 
What evidence bearing on the fine structure 
of these chromosomes is obtained from the 
high magnification in electron micrographs ? 

It should be noted first that acetic acid 
fixation has been used in all the preparations 
if salivaries for electron microscopy so far 
reported and that thé effects of such fixation 
on the induction of fibrils or on their ap 
pearance if already present in the living 
chromosome yet undetermined 

We know that the cross-bands seen in fixed 
preparations have a definite basis in } 
which can be seen in the living chromosome 
Accordingly, knowing the reality of these 
structures, study of their manifestations after 
various physical and chemical treatments can 
provide information concerning their proper- 
ties in the living state. Studies on prepared 
chromosomes indicate some bands at least are 
multiple structures.4 The largest number of 
bodies observed across the paired homologous 
chromosomes (appearing often as granules 
after acetic acid fixation) is about 30.1 How- 
ever, the number of units across these chromo 
somes is expected to be of the order of 1,000 
when anlage and large salivary nuclei are com- 
pared as to volume!? and as to polymerized 
desoxyribonucleic acid content§.%, assuming 
that the nuclear volumes and polymerized 
desoxyribonucleic acid content of these nuclei 
are reliable measures of the number of basic 
units present. It follows then that the score 
or so components of a band viewed in the light 
microscope are expected to be composed of a 
number of smaller units. This now has some 
cytological support in the electron micrographs 
of Pease and Baker!5, Yasuzumi, Odate and 
Ota!® and the present work (see Figure.14, 
in particular). Although such observations are 
consistent with the polytene interpretation they 
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‘is a 


4 MODERATELY STRETCHED CHROMOSOME 


Figure 13 


a moderately stretched salivary gland chromosome of 
of approximately 4,300 is enlarged to approximately 





A BAND AND INTERBAND REGION 


Figure 14 


id “interband” region of a greatly stretched salivary 
Electron magnification of approximately 12,200% is 
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favor it to the exclusion of a number 
t others 

Evidence concerning the of the 
engthwise differentiation of the living salivary 
more difficult to obtain. This 
the lack of any lengthwise 
seen in the intact 


strand-like connec- 


nature 


chromosome 1s 

due primarily to 
which 
nucleus However, 
between the components of one band and 


rientation can be 
living 
tions 
he next can be seen using micromanipulation 
with apparent 
Pease and Baker 
their electron 


he 


n chromosomes isolated an 
distortion.4 


demonstrate im 


of 
to 
micrographs numerous examples of fibers 
small distributed 
in chromosomes that were presumed 
not 
} 
vetween 


oinimum 
vere able 


tween granules along the 
ng aX 
mstretched during 
fibers 


such 


ap 
' 


preparation. It is 
ontinuotus 
granules, nor clear why 

relatively unstretched 
chromosomes by Palay and Claude!4 and the 
Figure 11) do not threads 
stretched preparations of 
show fibers (see Figures 
of the factors mentioned 


parent if these are ¢ 


more than two 


the photographs ot 
author (see show 
()n the other hand, 
all workers distinctly 
13 and 14.) In view 
ibove it is concluded that electron mic roscopy 
has not vet provided support for any particular 

neept of the nature of the multiple structure 
chromosomes 
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Correction in Re the Tomato Genetics Cooperative and the 


American Tomato Yearbook 


Epi ror : 

I would like to call your attention to an 
error in the July-August (1952) issue of the 
JOURNAL. On page 172 under the caption 
“American Tomato Yearbook” information is 
included concerning two distinct publications. 
The American Tomato Yearbook is an in- 
lependent publication not in any way sponsored 
by the Tomato Genetics Cooperative. The pub 
lication of the Cooperative is accurately de- 
scribed in the artcile, but it should be pointed 
out that the Report d one and 
available only to perative 


THE 


is a mimeographe 


members f the ¢ 


The person to be contacted concerning mem- 
bership in the Cooperative is not Dr. Carncross 
but is instead Dr. C. M. Rick, Division of 
Truck Crops, University of California, Davis, 
California 

It appears that in the article, the top para- 
graph of each column accurately describes the 
American Tomato Yearbook. The remainder 
of the material describes the Tomato Genetics 
Cooperative and its Report 
Don ALD W 
Sta 


BARTON 


State Agri. Expt 


vy 


C,¢eneva 
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CHROMOSOME NUMBERS IN COLEUS* 


N. S. Reppy7 


OLEL’S consists of annual or per- 

ennial herbs widely distributed in 

Africa, Asia, and Australia. More 
than 200 species have been described; 
the actual number is certainly much less, 
for numerous varieties have undoubtedly 
been assigned specific rank (Rife and 
Duber®), 

Haberlandt®, incidental to a study of 
the phy siology of cell division, reported 
2n==12 and 16 for Coleus. Scheel found 
n= 24 for C. rehneltianus and n= 16 
for C. aromaticus. He suggested that he 
might have examined polyploid forms of 
the species which had been studied by 
Haberlandt. Furusato* published a 2n 
number of 24 for C. blumet. These data 
and results from the present study are 
summarized in Table I. 

Four species of Coleus were studied 
during the present investigation: C 
hlumei, C. hybridus, C. laciniatus, and ( 
forskohlu. Seed of C. hybridus and of ¢ 
laciniatus were obtained from the Bo 
tanical Garden at Buitenzorg, Java: seed 
of C. forskohlu from the College of Agri- 
culture, Coimbatore, India. Of numerous 
cultivated varieties commonly classified 
as C. blumei the following were studied : 
“Golden Bedder” Ohio State | 
“Golden Bedder” Purdue 
“Beckwith Gem” Purdue 
“Max Levering” Purdue 
“Elwood Kalin” Purdue University 
“Red Trailing Queen” Purdue U 
“Trailing Queen” Ohio State 

(Type 1) 
“Trailing Queen’ 

(Type 1) 
“Trailing Queen” 


(Type 2) 


University 
University 


University 


niversit 
University 
’ 


Purdue University 


Ohio State Unive 


Aceto-orcein smears were used, without pr 
fixation of anthers, for study of microspo 
genesis Prefixation with either 1:3 acetic 
alcohol or Carnoy’s fluid was found to result 


*From a dissertation presented in partial 


+Present address: Box No. 2 


fulfillment of the 
Doctor of Philosophy at The Ohio St iver 


in weakly stained chromosomes. Aceto-carmine 
gave poor results. Propio-orcein generally 
stained prophase chromosomes better than 
aceto-orcein, but was not satisfactory for study 
of stages beyond Prophase I. 

The procedure was to smear the four anthers 
of a flower in a drop of aceto-orcein, to re 
move the debris immediately, and with bees-wax 
and rosin to seal a cover slip over the prep 
aration. The was not heated. After 
two to six hours the sealing compound was 
removed, the slide and cover slip pressed 
gently together between folds of blotting pa 
per, and then resealed study. Pressure 
applied in the conventional way immediately 
atier the slide is prepared renders the prepara- 
tion useless for study. When stored in a re- 
frigerator the slides could be kept for two to 
three days. Preparations were made perma 
nent by McClintock’s schedule.® 

Divisions in the pollen mother cells were 
most frequent on cloudy days. It was relatively 
easier to find meiosis in triploids, in “Trailing 
and in tetraploids than in 
divisions are seem 


slide 


Queen” (2n + 1), 
diploids. Irregular meiotic 
ingly of longer duration than regular ones 
Triploids were the most irregular 

Somatic chromosomes were studied in two 
species. Warmke’s method!! was used on C 
hybridus to make aceto-carmine smears of 
root-tips. Root-tips of ¢ forskohlu were 
fixed in Belling’s modification of Navas! 
in’s fluid, embedded in sectioned a 
10,, and stained with crystal violet 


An estimate ! 


paratthn, t 


llen 


f 
} 
i 


pide rina 
uard cells 
‘ 


peels 


{ determine the 


of glandular igth and width 


elandular-hairs were determined per plant 
used in this investigation 
soaking seed in 0.5 percent 
g 


he tetraploids 
were produced by 
iqueous solution of colchicine for 24 hours 
magnification of 
1000 reproduced at about 1,100 
times. Camera lucida drawings were made 
it a magnification of 3000 times and reduced 
half otherwise 


Photographs, taken at a 


times, are 


in reproduction unless 


one 


stated 


lA 


requirements for the degree of 


v. Department of Botany and Plant Patholoe, 
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FOUR VARIETI 


» OF COLEUS 


Figure 15 


ommon cultivated Coleus of the Golden Bedder variety. 2 shows the Trailing 


ucen, ¢ 1 ( 
~ 


} } 


D shows the colchicine induced tetraploid variety, ¢ 
for the four varieties are shown in Figure 16 


Description of Species and Chromosome 
Numbers 
Most cultivated varieties leus are 
bitrarily included in ( ame is of 
pinion that ( immer represents as 
combinatior ot SPecCies, the 
forms being derived in part 
Ms and = pos- 
Purpureus | len Bedder” 
haracterized | solid vel 
is a typical example of this 
assemblage Be clones studied had 24 
Metaphase I igure 164) 
arieties \ (rem, “Max 


lowish-green color 


bivalents 


Three ott 


is the triploid variety, Red Trailing Queen, characterized hy 72 chromosomes 


hlumect. The chromosome configurations 


sal 
regularly 
The exact 


Levering.” and “Elwood Kalin” 
had 24 chromosomes at Anaphase | 
stematic position of “Trailing Queen” (Fig 
ure 158) is not clear: it is distinctly different 
irom all other varieties. The plants are pros 
trate to semi-erect rather than erect; they are 
much branched, with leaves 34 to 1'2 inches 
long and about 34 to 1 inch wide Che 
flowers are conspicuously larger than in many 
* the varieties assigned to C. blumet. Per 
haps this variety rightly belongs under ( 
chneltianus Four different clones were 
studied Three are alike except that one 
alhinotic mid-rib. These 
24 4 1 (Figure 168). 


Type 2) as an 


' 1 
tones have 
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—y cto 


MEIOTIC DIVISIONS 
Figure 16 

1 shows a cell of Golden Bedder during first meiotic metaphase. B is a microphotograpl 
fa cell of Trailing Queen in anaphase taken from clone 2, showing a chromatin bridge. ( 
shows a cell of Red Trailing Queen during late anaphase. D shows a cell of tetraploid C. blumer 
during early anaphase. 
They have pollen fertility of approximately 35 parentage The three plants of this species 
percent and were not observed to set seed cytologically examined had a 2n-number of 48 
The fourth clone, designated “Red Trailing The somatic chromosomes at metaphase vary 
Queen” (Figure 15C), is more vigorous than n length from 2,4 to 5y 
the other three. The leaves are larger, and the Coleus laciniatus (Figure 174) is character 
plant has red pigment t) 
is triploid with 


it throughout. The plant ized by an unusual type of venation: the veins 
36 (Figure 16C). Pollen  arastomose in a more or less oval area. The 
viability is 60 to 70 percent, but no seed have leaves usually curl inward; leaf margins are 
been set in the green-house more irregular than in the varieties of | 


Seedlings of Co/ us vary greatl hlumet (Rife and Duber®). Chromosome nun 
leaf size, margin, and lo Most of these ber at Metaphase I and Anaphase I is 24 


forms closely resemble t! mmon cultivated (Figure 18) 


varieties classed under | ‘ Bailey and Coleus forskohlii (Figure 17B) is commonly 
Bailev? consider that dus is a horti found growing wild in India and 


of unknown ultivated ! ut stem, wood 
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MUTANT LEAF SHAPE MIRRORED IN WILD SPECIES 


Figure 17 


A shows the peculiar leaf shape of ¢ 
gene. B is a wild species, C. 


somes of these two species are shown in Figure 1 


base and from a fleshy root-stock 


Leaves are thick with short petioles. It has 
a 2n-number of 28 (Figure 18). Though 
slight differences in size of chromosomes are 


arising 


evident, the range is less marked than in ( 


hivbridus 


Progeny from Colchicine-Induced 
Tetraploids 


\ gray plant (genotype PG) ot ( hlumet 
was by colchicine treatment made tetraploid 
(RifeS). The tetraploid (Figure 15/7) was 
poorly brariched and slower in growth than the 
General development was much poorer 
in the tetraploid despite a greater cell size 
It possessed a woodier and thicker stem 
The aves were ightly tougher but 
flower size was evi 


diploid 


smaller 
dent i 
plant was established by 
tion (M. ¢ 


the plat 


letrap 1 nature (1 
‘ examina 
When selfed, 


ff spring 


(sreen 


Though data for the first generation could 
be explained on the basis of chromatid segrega 
tion, the progeny from crossing some of these 
plants with diploids showed anomalous segre 
gation (Rife Plants of later 
generations had been classified as tetraploids 
purely on a basis 
omal study of 

accordingly undertaken Seven 
were investigated. One had a 2n 


unpublished ) 


] 


morphological Chromos 


ertain of the progeny was 
individuals 


number of 


laciniatus 


forskohli, found in India 
® 


This trait is due to a simple dominant 
Camera lucida drawings of the chromo- 


72; six had a 2) there 
fore diploid 

The results indicate that the gray tetraploid 
may have produced all tetraploids in the first 
generation. These plants when crossed with 
diploids seemingly gave rise to maternal dip- 
pollen of the diploids apparently served 
as an agent of stimulation. The single trip 
loid is probably the fertilization product of a 
haploid gamete from the diploid and the diploid 
egg of the tetraploid. The diploids possibly 
resulted from haploid parthenogenesis. Numer- 
ous examples are known in which normal 
diploids have given rise to haploids and poly- 
ploids to polyhaploids. Such haploids and 
polyhaploids are usually sterile. There are a 
few reports of fertile diploids arising by 
parthenogenesis from tetraploids Gairdner 
and Darlington’ found a fertile diploid among 
Persict 


number of 48 and are 


loids : 


the progeny of tetraploid Campanula 
folia; Fischer? noted that 
selfed tetraploid maize regularly | 
ternal diploids in the ratio of 1 diploid to 750 


Randolph and 
sroduced ma 
tetraploids 

Polyploid torms of ( 
picked out with certainty on the basis. of 
microscopic morphology. Degree of pollen 
fertility, stomatal size, and size of glandular 
hairs were therefore used to determine whether 


leus could not be 


any one of these characters could be used for 
recognition of polyploidy. The tetraploid was 
cecmpared with triploid “Red Trailing Queen” 
and with diploid “Golden Bedder” (Table IT) 
Size of pollen, of guard cells, and of glandular 
hairs increased in positive correlation with 
number of chromosomes. Size differences it 
glandular-hair are conspicuous and could be 
used as an easy means of detecting polyploidy 
i he obtained on smal! 


flower 


Measurements can even 


efore thev 


plants, long 
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L scnmatee S AND FORSKOHLI 
COMPARED 


Figure 18 


lucida draw 

lacimatus, taken 
The somat 
shown on the 


shown a camera 
ing of chromosomes ( 
irom a cell during anaphase 
hromosomes of C. forskohltt are 
right 


On the left 


ot 


Summary 
Cytological observations on four species of 
‘oleus are presented. C. a 2n 
rye of 28. The plant is not cultivated 
laciniatus, a distinct species in cultivation, 
ad an n-number of 24 and regular meiosis at 
microsporogenesis. C. hybridus and C. blumet 
each has a number of horticultural forms; the 
species are not readily separated. C. hybridus 
! a 2n number of 48. Three horticultural 
varieties of C. blumet have n-numbers of 24 
one is trisomic (2n = 48 + 1); one is triploid 
(n 36). A report of 2n 24 in the 
literature for C. blumei. Two, perhaps three 
additional species |! been previously in 
vestigated 
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Golden Bedder 
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Beckwith Gem’”’ 
“Max Levering” 
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pel 

e2 


rdue Strai 


iT 


ailing Queen”’ 


f 


Chromosome 


Comparative cell size and pollen fertility at 


guard 


~ 
i 


23 


Numbers in Coleus 


exhibited 
When this 
parent in crosses 


A. colchicine-produced tetraploid 
poor development and little 
plant was used as female 
with diploids, most of the progeny were 
diploid ; was triploid. Parthenogenesis is 
suggested to explain the production of diploids 
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HIGH AND LOW THYROIDAL RESPONSE 
TOTHE FEEDING OF THIOURACIL 


To New Hampshire Chickens 


Wittiam E. SHakcLer and C. S. SHAFFNER*® 


T is well known that the feeding of Lines of chickens exhibiting  dif- 
thiouracilt inhibits the normal pro- ferences in thyroidal activity would be 
duction of thyroxine by the thyroid — valuable, not only to further the study of 
The anterior pituitary then pro- the inheritance of this characteristic, but 


gland 
duces more thyrotrophic hormone which also to furnish experimental material for 
causes the thyroid gland to increase in the study of other characteristics known 
weight. Considerable variation in the to be influenced by thyroidal activity 
magnitude of the response to thiouracil! The lines would be useful in studying 
Presumably, the , variations in rate of growth, feathering, 


has been encountered 
reproduction, and other factors. 


individual variations in response are due ‘ 


; ~_ "eS : t » t (1 - 
to differences in the amount of thyre ieittels ait Bieteie 


trophic hormone released by the anterior “t ; 
: In June 1950 a plan was initiated to produce 


pituitary gland, and/or hy difference in two lines of chickens, one with a high and 
the ability of the thyroid gland to re one with a low thyroidal response to thiouracil 
spond to thyrotrophic hormone. If either Chicks from various matings were fed 
thiouracil as 0.2 percent of the ration from 
led it should be possible to develop lines the time of hatching until four weeks of age, 
Pepe” 3 : at which time they were sacrificed. The thy 
differing in their response to thiouracil. roid glands were removed and weighed 
A few workers have reported genet immediately with a Roller-Smith torsion bal- 
ance to the nearest tenth of a milligram. Ex 
cept for such natural selection factors as egg 
: ; <a luction, fertility, hatchability, and viability. 
et al? obtained White Leghorn cockerels ng sole basis for selection was the average 
from two hatcheries and reported that — thyroid weights of full-sib families. Since it 
they ditfered markedly in thyroid weight was necessary to sacrifice chicks to obtain 
, thyroid weights, additional hatches were ob 
i ae 4. enn tained for breeding purposes for the matings 
mone Mixnet and PP fed thiouracil which produced extremes in thyroid weight 
to baby chicks and found that the thy The families whose average thyroid weights 
roids of double-cross hybrids from were largest were designated the high line and 
Rhode Island Red and White Leghorn _ the families whose thyroid weights were small 
inbred stock responded more than those est were designated the low line si 
from New Hampshire & Barred Plym Only 21 birds were available from the hig! 
rr Er aoe , response and low-response groups described 
outh Rock single-cross hybrids. An by El-Ibiary and Shaffner.8 They consisted of 
drews! concluded from unpublished data four cockerels and seven pullets from the high 
that inbred lines of chickens differ wide-  Tesponse group and four cockerels and six pul 
I ‘ : ak wet : lets from the low-response group. Matings 
y mm response of their thyroids to within each line were made and a limited num 


of these functions is genetically control 


differences in response of the chicken 


thyroul gland to goitrogens. Bates, 


after treatment with thyrotrophic hor 


thiouracil. After one generation of selec- her of offspring was obtained. All offspring 
tion. El-Ibiarv and Shaffner® produced — were raised for breeding purposes, none being 
two groups of New Hampshire chicks used for determining thyroid response to thiou 

| thyr litt ES racil. Thus, one generation was produced 
whose thyroid glands differed signin without selection. However. because of the 
cantly in weight when thioracil was fed small number hirds available and the in 
Scientific Paper No. A373 
Station 


Lederle Laboratories 


*Poultry Department, University of Maryland, College Park 
Contribution N 2378 of the Marvland Agricultural Experiment 
*Thiouracil was furnished through the courtesy of Dr. Mark Wels! 


Pear! River, N. \ 
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THYROID WEIGHTS OF THIOURACIL-TREATED CHICKS 
Figure 19 


Frequency distribution of the thyroid gland weights of an unselected population 
2 percent thiouracil and were sacrificed when four weeks of 


were fed a mash containing 0 


breeding which would have resulted from mat- 
ing these individuals, it was decided to re 
initiate the work and establish additional lines 
from the New Hampshire flock maintained at 
the University of Maryland 


Results and Discussion 


In November 1950, six breeding 
were assigned to this project at the Uni- 
versity of Maryland Poultry Farm and 
one sire and eight dams were placed in 
each pen. Three hatches of chicks were 
0.2 percent thiouracil and at four 
their thyreid glands 

135 mg. per bird. The fre- 
distribution for the thyroid 
weights of these unselected birds is 
shown in Figure 19. It 
hat the distribution is asymetrical or 
skewed, with the greater number of ob- 
servations occuring at the left of the 
mean and toward the small-sized gland. 
This frequency distribution 
seems thyroid gland 


pens 


fed 
weeks of age 
averaged 
quency 


will be noticed 


tvpe of 


characteristic of 


chicks 


age 


The 


weights of animals in general. Similar 
distributions were shown by Hollander 
and Riddle® in pigeons, by Mulligan and 
Francis? in dogs, and by El-Ibiary and 
Shaffner* in chickens. 

Later in the hatching season diallelic 
matings were made. The sires in pens 
8 and 9 were replaced by males which 
were the progeny of low response birds, 
and the sires in pens 10 and 11 were re- 
placed by males which were the progeny 
of high-response birds produced by El- 
Ibiary and Shaffner.* Table I shows the 
results of these matings. The average 
thyroid weight of each pen was higher 
in the second than in the first 
series. The second series was produced 


series 


from one to three months after the first, 
and it 1s suspected that environmental 
factors raised the levels of all pens in the 
second However, although no 
selection had been practiced on the gene- 
ration in which they were hatched, tl 


series. 


1 
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AND LOW RESPONSE 


Figure 20 


from 100 chicks from 
and 100 chicks from 
(right) All chicks were fed 
0.2 percent thiouracil and 
weeks of age 


WW glands 
high response line (left) 
low resporise line 
i ration contan 


were sacrificed \ nm four 


high-response males produced progeny 
whose thyroid glands were much larger 
low-re 


than glands from progeny of 


sponse males. The ditference between the 
thyroid weights of progeny of the high 
was 


response and low males 


highly significant, as shown in Table I] 


res] WOTLSE 


TABLE I. Means and coefficients of variation with 


This increase was produced in spite of 
the fact that the high-response males 
were mated to females whose progeny 
by other sires averaged 21 mg. less than 
the progeny of females to which low 
response males were mated. The dif- 
ference between the coefficients of varia 
tion for the progeny of the high-re 
sponse .males and the progeny of the 
low-response males in Table I is highly 
significant (P<.01). 

Selection was continued the following 
year by choosing families with highest 
thyroidal response for the high line and 
lowest response for the low line. Re 
sults obtained in the spring of 1952 are 
presented in Table III and are shown 
pictorially in Figure 20. After thiouracil 
treatment until four weeks of age, the 
average thyroid weight of the chicks 
from the high line was about four times 
as large as that of the chicks from the 
low line. 
shown in Table I\ 
between .the two lines is 
The frequency distributions of the 


The analysis of variance is 
and the difference 
highly signifi 
cent 
thyroid glands for the two lines are gives 
in Figure 21. Each line exhibits the same 
type of skewed distribution as the 
original populations shown in Figure 19, 
hut the variability 1s much greater in the 
high line — line. The 
greater variability of the high line 1s alse 
Table III, the difference be 


tween the coefficients of variation for the 


than in the low 
shown in 


two lines being highly significant 


their standard errors of thyroid weights produced by 


thiouracil-fed progeny of diallelic matings involving unselected males vs. high-response and low-response males 
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THYROID WEIGHT IN MILLIGRAMS 


AFTER TWO GENERATIONS OF SELECTION 
Figure 21 


uency distribution of the thyroid gland we ] 


! t al ights of the high-response and the low- 
lines after two generations of selection. All chicks were fed a mash containing 0.2 
} il and were sacrificed when four weeks of age 


Summary age, hich time they were sacrificed and 
} ‘ } alar he ves! } 
New Hampshire chicks were fed thiouracil their ¢ iyroid glands weighed Full sibs of the 
2 : $5 08 1c8 } } 
as 0.2 percent of the ration from the time families which exhibited the largest and_ the 


hing until they were four weeks 


smallest thyroids, respectively, were raised for 


TABLE II. Analysis of variance of thyroid weights TABLE IV. Analysis of variance of thyroid weights 
of high-response produced by thiouracil-fed chicks obtained after nearly 


produced by thiouracil-fed progeny 
two gerierations of selection. 


and low-response males. 


TABLE III. Means and coefficients of variation with their standard errors of thyroid weights produced by 
thiouracil-fed chicks obtained after nearly two generation of selection. 


righ line 
Thy 


478 
446 
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breeding purposes and were used to establish 
lines differing in their response to thiouracil 
| he 


decreased 


mean thyroid weight of the low 
little but the thyroid 
weight of the high line has been increased to 


about 


lines 
has very 
four times that of the original popu 
lation. This increase has been obtained after 
the equivalent of nearly two generations of se 
lection and was accompanied by an increase in 
variability. The results reported here leave 
little doubt that the response of the thyroid 
gland to 
heredity 


thiouracil is influenced greatly by 


DISEASE RESISTANCE FROM A WHEAT » 


N. EF 


JENSEN 


pena mildew and leaf rust resistant 
winter wheat plant was discovered in a 
progeny whose parentage traces to an original 
wheat rye cross made by Dr. H. H. Love 
and the late Mr. W. T. Craig, The pedigree 
this selection (Cornell Sel. 779b10-8-6) is 
Honor Rosen rye, FF, backcrossed to Hon 
or; by selection crossed to Yorkwin. None of 
the parents other than the original Rosen rye 
has shown any resistance to either wheat mil 
rust 


dew or leaf 


Sel. 779b10-8-6 is wheat-like in all morpho 
that it carries the 
marker which is characteristic of 
most rye plants. It resembles Yorkwin closely 
but has slightly weaker straw 
It is fully self-fertile and has consistently ex 
celled Yorkwin in yield trials. The white ker 
nels satisfactory in milling quality but 
harder than desired by some millers for a soft 
white wheat flour of top quality 

in 1942, Sel, 779b10-8-6 
been grown annually at Ithaca and else- 
where in New York State. Without exception 
the mature plants have been free of leaf rust 
even when grown adjacent to leaf rust suscepti 


a | 


logical 


hairs 


respects except 


.* 
neck 


Nn appearance 
are 


Since its discovery 


i 
“as 


e varieties showing, in some cases, 100 per 
fection. Dr. R. M. Caldwell found Sel 
779)10-8-6 to be highly resistant at Lafayette, 
Indiana a keaf rust epiderme in 1951 

The 
5 


eam 


cent u 


during 


resistance of Sel. 779b10-8-6 annears to 
nlant resistance. Leaf rust rarely 
occurs in sufficient amount to make field read 
possible on seedlings in the fall at Ithaca 
courtesy of Dr. C. O. Johnston, 
Pathologist, Manhattan, Kansas, 


of Sel. 779b-10-8-6 were 


iture 


ings 
Through the 
U.S.D.A 


however seedlings 
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FRANCIS 


RYE CROSS 


KENT* 


tested with various races and found to be high 
ly resistant to races 9 and 19, susceptible to 
races 5, 11, 15, 58, 93, 105 and 126, and segre- 
gating for susceptibility to races 21 and 45 
These races were identified from collections 
made in New York during the period 1949 
1951. Seedlings planted at Ithaca in late sum 
mer when rust is present have also shown only 
partial resistance or complete susceptibility so 
that it is quite clear that the resistance is the 
mature-plant type 

Transmission of 
sistance in 


and mildew re 
} 


wheats has been 


leaf rust 
crosses to other 
encouraging. Sel. 779b10-8-6 has been fully 
compatible in- all attempted. Both 
smooth and hairy-necked leaf rust resistant 
plants appear in the progenies of these crosses 
but in all cases noted, leaf rust resistance is 
associated with mildew resistance suggesting 
close linkage or pleiotropism of the genes in 
volved. In nursery yield tests the best of the 
new hybrids, 82al-2-4-7, a hairy-necked selec 
tion from a cross with Cornell 595 outyielded 
Cornell 595 by 23 percent in 1951 and by 3 
percent in 1952 

Because of certain checks which can 
made concerning the origin of Sel. 779b10-8-6, 
it is considered extremely unlikely that it is 
the result of a mixture or of a natural cross 
The mildew and leaf rust resistance of Sel 
779b10-8-6 could have originated, through the 
transfer in the original hybrid, of one or more 
segments of rye chromatin by crossing-over or 
reciprocal translocation, followed by a novel 
recombination of genes in the final hybrid 
The presence of the “hairy-neck” character is 
clear evidence that such transfer did in fact 


occur 


ot 


crosses 


} 
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C-MITOSIS IN COMMELINA 
COMMUNIS L.* 


A. Bercer, A. L. 


g 


LAFLEUR AND E. 


R. Witkus 


Biological Laboratory, Fordham Umversity 


HEN root tips of Commelia com 

munis L. treated with 

calchicine to facilitate a chromo- 
some count, interesting c-mitotic effects 
were noted. The chromosome number was 


were 


determined from meiotic material as 2n 
X) (Figure 22.4). Root tips were treated 
for various periods of time with a 1 per 
cent or a 0.1 percent solution of colchicine 
i tap water. \fter each treatment roots 
were fixed for both sections and smears. 
Material for sections was fixed in Craf 
fixative, sectioned at 10, and_ stained 
with iron alum hematoxvlin or the 
Feulgen stain. The material for smears 
was hydrolysed in equal part of 95 
percent alcohol and concentrated hydro- 
chloric The 
ps were then immersed in a drop of 
aceto-orcein on a slide for 10 minutes. 
During that time the tissue of the root 
\ cover slip was then 


acid for one minute. 


was teased apart. 
placed over the tissue and slight pres 
Joth the.1 percent and the 
had 


sure applied. 
0.1 percent 
the same general effect 


solutions of colchicine 
However the 
1 percent solution was better for show 
ng the initial effects of colchicine, while 
the 0.1 percent was preferable for show- 
ing the recovery effects. Root tips were 
treated with the two solutions of colchi- 
cine for 2, 4, 6 and 8 hours. Some tips 
studied immediately after treat- 
ment and others allowed to recover for 
12, 24, 48 and 72 hours. 


were 


Results of Treatment with the | 
percent Solution 


After two hours treatment with a 1 percent 
solution of colchicine three different c-mitoti 
conditions were noted. In many of the cells 
the c-chromosomes were distributed through 
out the cell (Figure 22B and C). There were 


*This investigation was supported by 


a research grant from the 


also many cells with clumped c-chromosomes 
(Figure 22))) and a few cells that showed the 
interesting type of exploded c-mitosis. No 
normal divisions observed. In the ex 
ploded c-mitosis the chromosomes were forced 
to opposite sides of the cell. In the ex 
treme type of exploded divisions the chromo- 
were all located against the cell 
valls and no chromosomes were present 
in the center of the cell. In 1943 Barber 
and Callan! first described divisions of this 
type in newt mitosis following colchicine treat- 
ment and termed the phenomenon “exploded” 
mitosis. In the newt the cells did not recover 
trom the exploded type of division. A similar 
division was termed “distributed 
mitosis” by Nybom and Knutsson’ 
served them in the root tip cells of Allium 
cepa following treatment with methyl naphtho 
quinone hese exploded divisions were not 
as extreme as those reported by Barber and 
Callan!, Levan and Lofty? reported similar 
divisions in Allium ce 
treatment. 

In our material after four and six hours 
treatment many of the cells in division showed 
the exploded or distributed type of c-mitosis 
(Figure 22E and I.) Many clumped meta- 
phases were also present (Figure 22). These 
clumped metaphases differed from those 
mentioned previously in that they were not 
centrally located in the cell, but occurred at 
one side of the cell. In some cases in Com- 
mela the distribution of the chromosomes 
into two groups was approximately equal 
(Figures 22H and /, 23/ and K). In other cells 
there was a great difference in the number 
of chromosomes at opposite sides of the cell 
(Figure 22) Although the chromosomes 
separated in several groups, there was no 
evidence of segregation of homologous chromo 
into two different groups. The less 
extreme forms of the exploded divisions re 
semble normal anaphases at least superficialls 
(Figure 22H). They differ from normal 
anaphases in the absence of a normal spindle 
and in the separation of whole chromosomes 
rather than chromatids 

In the preliminary work of this investiga 
tion it was determined that the 1 percent solu- 
tion of colchicine was too strong to permit com 
plete recovery of the root. Weaker concentra 


were 


somes 


type ol 
who ob 


pa following colchicine 


somes 
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COLCHICINE INDUCED C-MITOSIS 


Figure 22 


Photomicrographs of aceto-orcein smear preparations of Commelta communis | 


Diakinesis showing the 45 bivalents. B-C-——Cells with c-chromosomes distributed throughout 
cell, JA cell showing a clumped c-metaphase. The chromosomes are centrally located 
Meristematic cells all showing the extreme type of exploded c-mitosis. /’—Meristemati 
showing the extreme type of exploded c-mitosis. G—A cell showing a clumped c-metaphase 


The clump is peripherally rather than centrally located. //—A less extreme form of the ex 
! t 


ie 


ploded division, The chromosomes are segregated in two almost equal groups. /--Incompletely 
exploded ( metaphase Several chromosomes can be seen in the center of the cell All magni 
tions are LOLO%, except /-, which is 402 








ws all 
EXPLODED C-MITOSIS 


Figure 23 

/-Another example o moderate form of an exploded c-metaphase. A—A stage in the 
reversion of the c-ar aphas chromosomes to the resting stage Both nuclei have about the same 
number of chromosomes. /.-\-—Binucleate cells showing the diverse staining reaction and 
micronuclei scattered throughout the cyt splasm O—A bitiucleate cell in early prophase. The 
e1 show a di fferent staining reaction. ?—A 
in later prophase V binucleat Il in metaphase Note the difference in tl 


i¢ i¢ ct 
ell in anaphase, S—Three cells 


prophase chromosomes in the two nucl binucleate cell 

e size of 
metaphase plates. resulting from the prey 
e end cells are uninucleate All magnif 


division. The central « is binu t Tt 
1,010 


cat 
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tions were then used in the later experiments 
The initial effects shown by the different con 
It was 
solution gave the 


centrations of colchicine were similar 
found that the 0.1 percent 
same initial effects as a 1 percent solution and 
still permitted complete recovery of the root. 
The recovery effects of the 0.1 percent solution 
will be described in detail 


Recovery Effects Following Treatment 


A 0.1 percent solution used for eight hours 
showed very good initial effects as well as re 
covery effects. After eight hours treatment 
with a 0.1 percent solution no normal meta- 
phases or anaphases were found, Most of the 
cells showed the exploded type of c-mitosis 
In many cases the separation of the chromo 
somes into two groups was complete. In other 
cases there was only a partial separation of 
into groups and ¢ 
seen between the two 
groups (Figure 22/). After twelve hours re 
covery following this treatment, the SA 
regions of the chromosomes divided and the 
chromatids separated slightly. This stage has 
heen termed distributed c-anaphase by Levan 
and Lofty*. After the division of the SA 
regions, the chromosomes undergo reversion 
to the resting maintaining their 
wiginal grouping (Figure 23/ and K). Fre- 
quently the two nuclei in the same cell reacted 
differently to the stain used, one nucleus 
staining much more faintly than the other 
(Figure 234, M and NV). This was true in 
the case of aceto-orcein smears and of the iron 
alum hematoxylin and Feulgen stained sec 
tions. In some cases the lighter staining nucleus 
was the smaller of the two nuclei, in other 
cases it was the larger. Frequently they were 
of a similar size. This probably indicates a 
difference in the amount of nucleic acid in the 
two nuclei which difference is not correlated 
with the size of the nucleus. One or more 
nucleoli may be present in each nucleus. The 
difference in the staining reaction of the two 
nuclei could not be correlated with the num- 
ber of nucleoli 


the chromosomes two 


chromosomes could be 


stage, still 


This type of division cannot be considered 
a reduction division, since both nuclei are in 
the same cell and there is no cell plate formed 
between them, Nor can it properly be called 
somatic reduction, since it does not involve the 
segregation of homologous 
After 24 hours recovery, both 
nuclei in the cell divided simultaneously 

S). Micronuclet are frequently 
present in these dividing cells (Figure 23P) 
The difference in the staining reaction of the 
is also evident in the 
23P) \t 


Torrme d im the 


separation or 
chromosomes 


- 
(Figure 230 
} 


two nuclei prophase of 
this division (Figure metaphase 


. eT 
there are two spindles same 
1. These spindles and the accompanying 
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metaphase plates may be of the same or w 
equal size, depending on the original separa 
tion during the exploded c-mitosis (Figur« 
230 and kK). The spindle attachmerit-regions 
of the divide and the 
chromatids undergo normal anaphase separa 
tion (Figure 23R). During telophase cell plates 
are formed between two groups of 
chromatids. There is no cell plate formed, 
however, between the two original nuclei of the 
binucleate cell. As a result of this division 
three cells are formed. One, the central cell is 
binucleate. The other cells, the extreme 
are uninucleate (Figure 23S). The number of 
present in these nuclei is de 
pendent on the separation at the time of the 
exploded c-mitosis 


chromosomes sister 


sister 


ones, 


chromosomes 


Discussion 


Both Barber and Callan’ and Nybom 
and Knutsson® have attempted to ex- 
plain the origin of the exploded type of 
c-mitosis. Barber and Callan have sug- 
gested the presence of a partial spindle, 
the centrosomal spindle, as the causal 
mechanism. Nybom and Knutsson as- 
sume the presence of a spindle tactoid, 
the particles of which push the: chromo 
somes in a peripheral direction. 

In plants there is no centrosomal 
spindle so the explanation of Barber and 
Callan cannot apply to exploded c- 
mitosis in plant material. The tactoid 
particle explanation is still purely hypo- 
thetical. The evidence from Commelina 
indicates that the central region of the 
protoplast undergoes great physical 
modification, in sectioned material ap 
pearing as a swelling vacuole, which 
forces the chromosomes centrifugally to 
a very unusual position against the cell 
walls. 

The more normal type of c-mitosis, as 
it appears in Allium and most other 
plants, is an efficient means of producing 
The exploded type of 
inefficient in this re 


eupolyploid cells 
c-mitosis is most 
gard, giving rise to a great variety of 
aneuploid multinuclei. The high fre 
quency of exploded c-mitoses in Com 
melina and their rélative infrequency in 
Allium and other plants indicates a 
unique difference in the protoplasmic 
structure of Commelina 
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Summary 


1 


Che chromosome number of Commelina 


communis L. was found to be 2n 90 

2. Al percent and 0.1 percent solution of 
colchicine after. four hours resulted in an ex 
ploded type of c-mitosis in Commelina, 

3. The distribution of the chromosomes was 
unequal in most cases. 

4. The exploded type of c-mitosis resulted 
in binucleate and multinucleate cells 

5. Frequently the two nuclei in a |! 
cell differed in their staining reaction 

6. Upon recovery 


inucleate 


binucleate cells under 


CR iM 


: C-Mhtosis 


rise to three cel 
was binucleate 


chromosomes in an 


went mitosis 
which the central cell 

7. The distribution of 
exploded c-mitosis is at random and 
the resulting combinations are aneuploid 


giving 


most ot 
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FRONTAL HAIR DIRECTION 


In American Chinese, Indian and Negro Populations 


HE inheritance of the different 
types of frontal hair directions in 
man has been previously discussed 
in this JouRNAL'*. The interpretation 
that the different types may be a result 
of a competition between two growth-in- 
ducing centers of the skin has been con- 
firmed by experiments on rats*. Thus, if 
the skin growth from the nasal angles 
of the eyes prevails, this gives the 
strongest dominant Type III. If the 
growth from the center divergence in 
the “crown” prevails, this will produce 
the weakest recessive Type I. Inter 
mediate types, defined by special limits 
are designated Type II and are recessive 
to Type III, but dominant to Type I. 
\n investigation of the frequencies of 
these different types in mentally de- 
individuals showed interesting 
differences as to the geographic dis- 
tribution, indicating higher frequency of 
Type IIf in Africa and Southern Eu- 
rope, while Types I and IT seem more 
frequent in Eastern Europe’. 
In order to get a more representative 


ficient 
nent 


*These investigations were 


staff of the public schools of San Francisco; 
the Charity Hospital in New Orleans 


of Stanford University, Palo Alto, California: 


made possible through the cooperation of the 
the Albuquerque Indian School, New Mexico; 
I wish to especially thank Dr. Danforth and Dr. Ling 


group to elucidate this problem, exam 
nations of three different American 
populations of predominantly non-Euro 
pean descent were made by the author 
in 1948*. 

The material consists of 348 American 
Chinese children all pupils of the public schools 
of San Fransisco; 304 young American 
Indian’s from the Albuquerque Indian School 
and 160 Negro patients (mostly children) 
from the Charity Hospital, New Orleans 

Practically the entire Chinese population of 
San Francisco originates from Canton and 
Hong Kong in South China and a number of 
the children examined were themselves emi- 


TABLE I. Frequencies of the major types (I, II,- 
III) of frontal hair direction in three different 
American populations. 


and 
and 


authorities 


Dr. Cummins of Tulane University, New 


Orleans, Louisiana; Dr. Bernard, director of the Charity Hospital, New Orleans, Louisiana; 


Mr. Hagberg, superintendent of the Indian 


Williams, principal of the 


Service, 
Albuquerque Indian School 
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grants from these localities 
Of the American Indians, with the exception 
of one Apache and six Pueblos, all were “full 
blooded” Navajos, that is to say all their four 
grandparents were Navajo Indians The 
Navajo tribe, which now have their “reser- 
vations” in the states of Arizona and New 
Mexico, had migrated to the South trom the 
before 


the Spanish conquest There has been very 


northern parts of Canada a few years 


little intermarriage h ’ ribes, and 
obviously none with I settlers, 
though their former habit of raping women 
from the neighboring tribes, mostly Pueblos, 
ave transmitted a few get 
h) origin 
up, the American 
most heterogeneous as 
ri al heredity Lhey undoubtedly owe a con 
siderable part of their ‘s to their European 
forefathers, but even their origi African 
heredity mut have been more or less in 
n-Negroid admixture, ¢ special 
t requencies 
ferent frontal hair directions within 
ditferent populations. In accordance 
ly published material it 
that the sex difference 
nee regarding the various hi 
We will therefore confine our 
the three main population groups 
shows, the Chinese group has a 
frequency of Type IIT, namely 
d cent hi n the other hand the reces- 
sive Type is found in 90.2 percent, that is 
9/10 of this population The intermediate 
Il was observed in 4.6 percent, and thus 
as but a slightly lower frequency than the 
strongest dominant Type III * 
The Indian group does not differ much 
from the Chinese Il occurs exactly in 
the same percentage t 4.6 L yy Ill shows a 
mewhat higher frequency, 10.8 percent, and 
L a correspondingly lower frequency of 
S4.6 percent Ihe Navajos, like the other 
(American Indians certainly are a branch of the 
Asiatic (Mongoloid) race, and it is therefore 
not surprising that they also resemble each 
other in regard to the type of the hair 
The higher frequency of Type III 
lidians may accordingly be ascribed 
supposed Spanish gene mixture 
However, the third group of the 
wx the American Negro shows a remarkable 
contrast to the two Mongoloid groups. Among 
the American Negro, Type IIL occurs in 50 
percent or exactly one-half of this population 
Type I and Type Il manifest themselves in 
32.6 and 194 percent respectively. This is in 
good accordance with the distribution of the 
different types in the 42 mentally deficient 
American Negroes and “mulattos” previously 


examined*. They also showed the relatively 
high percentage of 46.5 of Type III, while the 
group, exclusive of the “mulattos”, showed the 
even higher frequency of 58.0 percent of Type 
III. 

As mentioned above the perviously pub 
lished! data from family material analyses 
(pedigrees) are best explained by assuming 
that the genes producing the frontal hair 
direction types belong to a series of alleles 
The gene responsible for Type III is desig 
nated DU! and the two others D! and D! 
respectively As discussed earlier! 
probably exists a high number of all 
in each of these major allele gr 
a nearly continuous variation of t 
slope. In agreement with the 
skin growth centers’, the skin g 
nasal angles of the eves competes 
growth directed from the crown 

In Table II the frequencies of tl 
major allele group are presented 
a significant difference between the 
(African) race and the Mongoloid ( 
American) regarding the distribution of 
allele group trequencies The data seem 
justify the conclusion that the original Mor 
goloid man must have been homozyg 
D', while the original Negroid may 
a Ingh incidence of D!! 

The examined Northern Europeans! 
intermediate values of allele frequencies 
about 0.66, 0.19 and 0.15 for the alleles 
DD! and D'l The other European 
hitherto examined are too small 
reliable conclusions, but the data 

not contradict our deductions 
reographical centers of the different 

he Eastern Europeans seem nearer 
Asiatic, the Southern Europeans nearer to 
African race in respect to the genes detern 
ing frontal hair direction 

It would seem that the geographic di 
tribution of the different types of frontal hair 
slope in man affords a new means ot tracing 
the migrations and intermixtures of the various 
racial groups 


II. Allele group frequencies. 
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DAYS ROW SEPT TO Fema weet 


ee ee 
YEARS WHOM STEERS MEACHED Fue. WEIGHT (900.88) 


AVERAGE GAIN 
Figure 24 
Average daily gain, efficiency of gain, and 
days required from birth to final weight of 157 
Milking Shorthorn steers 1s shown above. The 
dots represent the mean values for the years 
in which steers reached final weight and were 
used in the calculation of the trend lines shown 


tests 
ad access to pasture. 


record 
animals 


steers on the 
None ot the 


i performance 


The steers were slaughtered at a live weight 
of as nearly 900 pounds as possible. The mean 
was 903 + 0.82 pounds. The steer offspring 
were all slaughtered in one 
year, whereas those of other sires were slaugh 
tered during years, the maximum for 
any sire being five vears. Usually the years 
in Which a sire’s offspring were slaughtered 
were consecutive but in some cases one or two 
years intervened. Efficiency was expressed as 
pounds of gains during the feeding period for 
each 100 pounds of total nutrients 


ol some sires 


several 


digestible 
consumed 
As a check on the results obtained with the 


157 steers, which varied somewhat in the way 


rhe five Tables referred to herein are available as supplementary documents 


they 
(2 


were handled, analyses were also made 
of these steers that varied the 
this respect. These 62 steers were all 
from birth to weaning, were weaned at 
pounds, and were fed the same mixed concen 
trate ration thereafter until they attained 900 
peunds’ live weight. The period in which they 
finished their tests (1943 to 1949) 
than the period for the 157 steers (1932 to 
1949). Beginning in 1942, there was a definite 
attempt to obtain an equal number of steers 
(eight) from each sire and to make the cow 
herds to which the sires were mated 


comparable than in the earlier part of the 
periment 


on least in 
nursed 
Soo 


was shorter 


All the 62 steers 
this part of the experiment 


were included 

In the absence of any records for the traits 
under study on the dams and sires used 
experiment, the estimates of heritability « 
be determined by only the paternal half 
correlation method. Standard errors 
heritability coefficients were calculated as « 
lined by Hazel and Terrill.2 Analysis 
variance was used as described by Snedecor! 
and the theoretical components of variance de 
termined according to the method of Winsor 
and Clarke!! and of Hetzer et al3 


Results and Discussion 


Sires used during the experiment varied 
from year to year. A few whose progeny per 
formed well in the record-of-performance test 
were retained in the herd for several 
and their sons were also used as sires. The 
effect of this selection, combined with the 
superiority of nursing to hand feeding of milk 
and the use of mixed concentrate instead ot 
only corn in the latter period of the experi 
ment, apparently caused a significant decrease 
in the average time required for a steer to 
reach a final weight of 900 pounds. On the 
other hand, the efficiency of gains during the 
test period and the average daily gain of the 
steers were increased slightly but not signifi 
cantly, as shown by Kohli et a/® and Figure 
24. The regression line in the lower part of 
Figure 24 shows that in 18 years the decrease 
in time required to reach 900 pounds was 
75 days. Effects of this decrease asso iated 
with years are shown in Tables I and II.* 
Although the steers were weaned and data on 
them obtained in different months of the year 
variance showed the 
f these 


years 


season to 
character 


reach fina 


analysis of 
have little effect on any of 
except on the time reauired to 
weight, for which the effect of the month was 
significant at the percent level. There 
was, that 


1 


five 
however, some indication this ay 


+" } 1 
To obtain this 


material order Document No. 3839 from the American Documentation Institute, 1719 N Street. 
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order $1.00 for microfilm (images one 
film) or $1.00 for photocopies (6 


inch high or 


8 inches) readable without 
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parent seasonal effect was associated with dif 
ferences in the sires. Thus the sires rather than 


seasons may have affected the time re 


red to rea weigh 

of variance between 
re groups for 157 ( Table 
that the mean squares for average daily gain, 


efhciency, and days to reach final weight were 


The results of analyses 


steers 1) showed 


not significant when variance for years and 
rations 


further 


mean 
analyzed their 
(Table Il). S is the 


between 


years and was removed. The 
squares are mito 
eoretical components 


variance associated with differences 
remainder, including the en 


and 5 is 


sires and E the 
vironmental variance. The sum of EF 


population variance when con 
population 


correlation is th 


in an infinite 


half-sib 


parental 
his value vat 
erably depending on the analysis hus 


‘th it Was Caiculated Irom the 
progenies within rations and years 


Variance be 
tween sire 
t was .034 for average daily gain. When it 
tas calculated from the variance between sire 
without removing 


he variance for 
3 he authors 
} 


progenies t 
was .33 
are inclined to believe that the 
¢ paternal half-sib correlation furnished by 
these data is that determined from the intra 
intra-year variance between the sire 
progemes except where the between 
rations or years 1s not significant 
case with efficiency (third section of 
between rations 
by the variance be 
best estimate 


rations and years it 


yest estimate of 


ration, 
Var lance 
Phis is the 

Table 1) 
where the variance was not 
significant when judged 
tween years within rations. The 
for the paternal half-sib correlation for ef 
ficiency would then be the one calculated from 
between sire progenies within 
years, or—.049 (Table II). Since it is 
theoretically impossible to have a 
value except by chance, it is assumed the cor 
is actually zero. 


the variance 


negative 


relation 

Years, rations, method of handling prior to 
weaning, and sires were all confounded to a 
considerable extent in the data on the 157 
steers. Therefore, results were obtained on 62 
of the steers, which were handled in a_ more 
uniform manner, as already indicated. ‘The re 
sults (Table IIT) show that there was. not, on 
the average, a significant difference between 
sire progenies for any of the three characters 
of whether or not the 
years is removed. Dif 
hetween were significant for 
gain but not for efficiency or 
Considerable difference 


regardless 
between 


studied, 
variance 
ferences years 
average daily 
days to final 
was obtained between the paternal 
correlations for the 62 steers (Table IV) and 
157 steers. Following the same 
before, the authors believe the 


e between vears should he 


weight 
half-sib 


those for the 
reasoning as 


removed for 


average daily gai but not tor ethcrency 
days to final weight. 
Since presumably with random 
paternal half-sibs are on the average one-quar 
variable than the offspring of dit 
Wright,!2 Lush, 7} 5 and Hazel 
possible to estimate the 


mating the 


ter less 
terent sires 
and Terrill*—it 1s 
heritability ot the 
ditive genetic variance by multiplying the hall 
sib correlations by four based on the techniques 
4 the investigators. This has 
veen done 

steers and for the sub-sample of 62 steers using 
(author's judge 
half-sib correlation 
( Table Vv) The 
considerably for 


characters due to the 


‘ above-named 
! for each of the characters tor 157 
each case the best estimate 
ment) of the paternal 
available from the data 
heritability coefficients differ 
the 157 steers and for the 62 steers 
} 


Such a result might be expected by chanee 


large standard errors and so tew 
values of S bottom 


be partially 


with such 
steers per sire group (see 
of Tables I and II1). Also it may 
real differences in the samples. Any 

caused 

different sires 
results. An attempt 
in the latter part of the experiment, 
a group 


groups 


due to 
variance 
mated to the 
fluenced the 
particularly 
ts control this by 


hy differences in the dams 
may have in 
was made 
mating each sire t 
of cows selected at random 
An attempt was also made to have at least eight 


with age 


steers from each sire, and to prevent bias the 
first eight bull claves from a sire were castrated 
and put on test. Even with these 
variations in the number of successful matings 
and in the sex ratio of calves from the better 
or poorer cows in the herd to which any bull 
was mated might be expected at times to vary 
enough with the usually 
made (20) to change 


precautions 


number of matings 
the average ot the steers 
Since all the 62 
there were the 
there 


from any one sire steers 
were from matings in 
above controls on the 
was a greater control of the way in which the 
steers were handled, the authors believe the 
figures for the 62 steers are somewhat better 
steers. However, it 
values may lie be 


which 


dams and _ since 


than those for the 157 

seems likely that the true 
tween the two estimates obtained 

The heritability coefficient of 

for average daily gain in the feed lot for the 
62 steers agrees very closely with the 
figure of 65 percent obtained by Knapp and 
Clark.5 On the other hand, the coefficient for 
efficiency, 25.6 percent, is only about half as 


63.6 percent 


revised 


large as the coefficient of 48 percent reported 
by Knapp and Nordskog.4 Such comparisons 
are not strictly valid because of the dif 
ferences in breeds, populations, and conditions 
but in planning breeding operations they may 
he f Ip in the other data 
Certainly if the lower values are closer to the 
true situation, it will be well to give 
attention to progeny testing and family 


higher values are more 


absence of 


more 
Se lec 
tion than if the likely 


t vv found 
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Summary and Conclusions 


A study was made of the inheritance of 
average daily gain, efficiency of gain in the 
feed lot, and days to reach 900 pounds’ live 
weight of 157 purebred Milking Shorthorn 
steers, born and raised at the Agricultural Re 
search Center, Beltsville, Marvland, 1932 to 
1949, inclusive. In addition, results from a 
sample of 62 of these 157 steers which were 
more uniformly handled than the total sample 
were obtained. The degree of heritability of 
average daily gain, days to final weight, and 
efficiency of in in the feed lot was estimated 
from the paternal half-sib correlations 

The best estimates, in the opinion of the 
for the heritability in this herd of 
shorthorns were 


authors, 
Milking 

Average daily 
900 pounds’ live 


gain in the feed lot, 500 to 
weight, 63.6 percent + 62.0 
Efficiency of gain in the feed Jot, 500 to 900 
live wexght 25.6 percent + 40.0 
Days required from birth to final weight 
(900 pounds’ live weight) 3.6 percent +33.2 
The above estimates are based on the sample 
f 62 
In additi 
larger but more 


steers 


pounds’ 


steers 
m estimates are given based on the 


157 


variable population of 
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The Problem of The Pumpkin-Rind Watermelon 


more several 
watermelons 
Oklahoma 
utstanding 


filtv vears, or 
tleshed 


certal ‘ DI 


| 
tar back as 


strains « vellow 


flavor sweetness, as 

with most of the red-fleshed va 

oward latter part of the 195 

I accidentally stumblec 

a dozen vines of what mig! 
called Pumpkin-Rind 

growing in 

within a 


gh 
watermel 
a field along the 
hundred yards of 
varieties 


properly be 


Ons These were 
Red River valley 
the conventional red-fleshed 
Enquiry of the owner as to their 
elicited the statement that the 
by “a woman in Further investi 
gation disclosed that this woman was operat 
‘The Lone Star State” 
muld be purchased in the 
under a certain trade-name 


origin, 
seeds were sent 
him Texas.’ 


ing a seed house in 
and that the 


regular 


seeds 4 
way 
seed house 
origin of 

that it 


The owner and operator of this 
reports that she does not know the 
this very watermelon, but 
“has been around a good many vears 

Che outstanding character of The Pumpkin 
Rind Watermelon, is its Golden Yellow color, 


peculiar 


not no 


vines are 
from 


when fully ripe. The young 
ticeably different in 
tional varieties, but as they advance in 
and age, the vines and any younger watermel 
ons slowly assume a yellow color. The vines 
gradually turn yellow from the crown out 
ward and the young melons turn yellow as 
The bright yellow color being a 
definite indication that the melons are fu 
ripe and the flesh, or meat is then of a deep- 
red color, comparing very favorably with that 
of other watermelons 


appearance CONVE! 


growtl 


they ripen 


Just how such an unusual watermelon has 


been unnoticed by geneticists in high places, 
seems strange itself. Many theories have been 
advanced as to its origin; some suggest insect 
crossing among red and yellow-fleshed va 
rieties, others attribute it to mutation, or 
“sporting.” Now, I am wondering if it was 
not a simple case of some “globe-trotter” 
bringing the seeds to Texas a few ago, 
not realizing its potential importance 
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by two authors who could and have done the work more thoroughly and 


with greater insight than it could possibly have been done by anyone else.” 
Published in November Price $8.50 


The Macmillan Company 
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